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Foreword 


As the editors indicate in the Préfacé, this sériés was devel- 
oped in an effort to address the broad spectrum of orthopé¬ 
die reconstructive practice involving joint pathology, with 
an emphasis on joint replacement arthroplasty. There hâve 
been other somewhat similar efforts to provide the orthopé¬ 
die community with a comprehensive compendium of ortho¬ 
pédie knowledge. The feature that sets this particular effort 
apart is the fact that the authors hâve a focus, even though 
the spectrum is quite broad. The clear goal is to provide 
the surgeon with a comprehensive, up-to-date, detailed, 
user-friendly source of information that provides a basis for 
improved patient care related to the management of the 
arthritic joint. The approach and organization by individual 
anatomie site for each spécifie volume is not new, but this 
sériés is unique. The tremendous burden to provide a stan- 
dardized format and a consistent quality of information and 
illustrations has been addressed and effectively realized in 
this sériés. I am impressed at the editors’ sélection of contri- 
butors, which includes both younger talent of our profession 
as well as well-recognized and established individuals. This 
offers a nice balance and blend of current and emerging 
orthopédie thought that is clearly conveyed through these 
pages. 

Both the sériés and volume editors are well recognized 
for their interest and competency in joint reconstructive sur- 
gery. Their energy and organizational skills are évident in 
this compendium. 


From my standpoint, this initiative certainly does fîll a 
niche that, in spite of the numerous efforts from various per¬ 
spectives, addresses an area of need in the orthopédie spec¬ 
trum of knowledge. The spécifie attractive features include 
the standardized format within a given volume that is carried 
throughout each of the volumes. The fact that the chapters 
are organized to allow a quick review of the content is readily 
identified as keeping with the “sound bytes” learning style of 
the orthopédie surgeons of today. This is best recognized in 
the sections dealing with the pearls and pitfalls. Thus, these 
texts provide an interesting blend of abbreviated insights 
supported by detail and substance. The orthopedist’s passion 
and need for visual validation of our thinking and under- 
standing is captured in the video sections that are laced 
throughout this sériés. The figures are clear; the references 
are comprehensive but not exhaustive. Thus, one easily 
recognizes the effort to make this a user-friendly, compre¬ 
hensive, up-to-date, technique-oriented source of truth for 
the busy orthopédie surgeon. 

The aggressive goal and vision of the editors has been 
very well realized in these volumes. It is highly likely that 
some of these volumes, if not the entire sériés, will be consid- 
ered a must for the busy orthopédie surgeon dealing with the 
arthritic joint. 

B. F. Morrey, MD 
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Préfacé 


When we embarked on this overwhelming project many 
months ago, the first question we attempted to answer was, 
what is missing from those arthroplasty textbooks that hâve 
preceded this one? The answer to this question culminated 
in a unique format for each volume that provides the busy 
orthopédie surgeon with the important information in a 
digestable format in a short period of time. The reader is 
presented with the essential information to assist in 
providing the best possible care for his or her patients. 

Hip and knee arthroplasty continues to expand in vol¬ 
ume every year at an unprecedented rate, and the advances 
in the field are coming at an ever-increasing pace. The 
Arthritis & Arthroplasty sériés has been written and compiled 
to provide the orthopédie surgeon with the essential knowl¬ 
edge and techniques necessary to treat patients with the latest 
and most appropriate care in the field. This is the first text- 
book sériés that addresses ail arthritis and arthroplasty sub- 
specialties within orthopédie surgery, and the editors hâve 
carefully chosen multiple experts in each subspecialty to con- 
tribute to this six-volume set. 

Each textbook has been organized to provide the reader 
an overview of each chapter with a synopsis of important 
topics and pearls on the first page. Each volume progresses 
in a similar format, first dealing with joint-preserving techni¬ 
ques, progressing to primary arthroplasty and révision sur¬ 
gery, and finally dealing with the complications that are 
inhérent to each subspecialty of arthritis and arthroplasty. 


The hip and knee volumes hâve been organized to min- 
imize any répétitive coverage of topics, but the reader should 
understand that some répétition is inévitable when covering 
certain topics in each volume. This répétition is necessary, 
especially when covering the concepts of mechanical axis, as 
it has profound effects on joint sparing (osteotomy), as well 
as primary and révision arthroplasty. 

The volume editors would like to express their sincere 
gratitude to the many authors who hâve contributed to this 
ambitious project. Few appreciate the amount of time and 
effort put forth to synthesize high-quality information into 
an easily understandable format. We thank them for giving 
so much of their precious free time to make this vision 
become a reality. The editing of these chapters by experts 
and colleagues in our field has been not only educational to 
ail of us but also an honorable and enjoyable task that has 
led to (we humbly believe) one of the most comprehensive 
textbooks in arthritis and arthroplasty ever published. We 
hope you will agréé. 

William M. Mihalko, MD, PhD 
Thomas E. Brown, md 
Quanjun Cui, md 
KhALED J. SALEH, MD, MSc(Epid), FRCSC, FACS 
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CHAPTER I 




Arthroscopic Debridement of the Arthritic 

Knee: Is There Still a Rôle? 


S. Raymond Golish David R. Diduch 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Routine arthroscopic debridement is not indicated for ail patients with osteoarthritis. Considérable level 4 evidence 
supports some relief from arthroscopy, but some level 1 through 4 evidence casts doubt on the benefit versus placebo or simple lavage. Sélection 
of patients with physical examination findings such as joint line tenderness, mechanical symptoms, and minimal deformity increases likelihood of 
response. Sélection of patients with radiographie findings such as mild joint space narrowing, low-grade Fairbank changes, and minimal deformity 
increases likelihood of response. Further level 1 evidence is needed to confirm the subset of patients who are more likely to respond. 

IMPORTANT POINTS: 

1. Médial joint line tenderness and positive McMurray test predict positive response. 

2. Radiographie deformity predicts négative response. 

3. Radiographie joint space less than 3 mm predicts négative response. 

4. Radiographie high-grade Fairbank changes predict négative response. 

5. Debridement of unstable meniscal tears and chondral flaps may improve response in patients with mechanical symptoms. 

CLINICAL/SURGICAL PEARLS: 

1. Debridement of osteophytes is rarely indicated. Trimming of subluxed or destabilized (e.g., torn posterior root) menisci is unlikely to improve 
symptoms. 

2. Focus debridement on mechanically unstable, impinging pathology such as cartilage flaps, loose bodies, and unstable meniscal tears. 

3. Shaving of fibrillated worn cartilage is unlikely to yield lasting improvement. 

CLINICAL/SURGICAL PITFALLS: 

1. More advanced cartilage surgery techniques including microfracture, plug transfers, and cultured chondrocyte implantation are unlikely to 
improve response in the degenerative knee. 

2. Patients with advanced radiographie disease or deformity are unlikely to respond. 

VIDEO AVAILABLE: 

1. Surgical video available. 


HISTORY/INTRODUCTION/SCOPE OF 
THE PROBLEM 

In the 1990s, several publications cast doubt on arthroscopic 
debridement for the osteoarthritic knee as a tool for routine 
use in ail patients regardless of pathology. 1,2 But the current 
debate on the topic was fueled by the randomized clinical trial 
with placebo control subjects published in the New England 
Journal ofMedicine in 2002. * 1 2 3 This trial showed no différence 
in self-reported outcomes up to 24 months between arthro¬ 
scopic debridement, lavage, and sham surgery in 165 rando¬ 
mized patients completing the trial. This publication 


generated enormous discussion among the popular press and 
an appropriately energetic reappraisal among the orthopédie 
specialist community. In response, the editor-in-chief of 
Arthroscopy wrote, “While I vigorously disagree with the con¬ 
clusions being portrayed in the press, I am challenged to find 
good research to back up my arguments. This should give us 
pause to not only be critical of Dr. Moseley’s methodology, 
but also to be critical of ourselves for not filling the void in this 
important area of research.” 4 Although the Moseley et al. 
study has been criticized for several serious méthodologie 
flaws, 5 its findings were largely confirmed by a second rando¬ 
mized clinical trial published in the New England Journal of 
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Medicine in 2008. 6 In this trial, 168 patients were assigned to 
either optimized conservative management, or conservative 
management following arthroscopic debridement. There 
were no significant différences in WOMAC scores or SF-36 
scores at two year follow-up. 

Despite these négative results, the Arthroscopy Associa¬ 
tion of North America has issued a position statement that 
there exists “a sub-group of patients with knee arthritis that 
can be significantly helped with appropriate arthroscopic 
surgery.” Here, we highlight some of the evidence in support 
of this statement. Substantial observational studies hâve 
sharpened the criteria by which the subset of responders 
can be identified. The most important clinical and radio¬ 
graphie criteria for patient sélection are presented below. At 
the présent time, surgeons should use evidence-based guide- 
lines and careful patient sélection to improve the chances of 
response. However, no further level 1 evidence has 
emerged to strongly predict this subset of patients, so patient 
counseling and reasonable expectations are impérative. 

INDICATIONS/CONTRAINDICATIONS 

Patients are selected based on factors likely to increase the 
chance of lasting pain relief. Figure 1-1 summarizes clinical 
decision making based on the results of the published evi¬ 
dence as discussed in this section. Acute onset of pain, 
mechanical symptoms such as locking and catching, 


récurrent effusions, and joint line tenderness in a patient with 
radiographically mild disease may predict greater and longer 
lasting relief following arthroscopy. 

Several studies indicate that significant deformity, flex¬ 
ion contracture greater than 10 degrees, 7 or radiographically 
narrow joint space correlates with poor response. Retrospec- 
tively, the presence of unstable meniscus tears visualized at 
the time of arthroscopy correlates with better response, but 
care must be taken in prospectively diagnosing meniscus 
pathology by magnetic résonance imaging (MRI) because 
degenerative tears frequently occur as part of the natural his- 
tory of progressive arthrosis (see classification System later). 

Dervin et al. 8 retrospectively studied predictors of response 
at 2-year follow-up. Examination findings of médial joint line 
tenderness and a positive Steinman test correlated with response. 
Intraoperatively, the presence of an unstable meniscal tear corre¬ 
lated with response by WOMAC score. In this chapter, we rec- 
ommend the use of the McMurray test, as it is closely related 
to the Steinman test but better known by most practitioners. 

Aaron et al. 9 studied factors prédictive of response to 
debridement retrospectively at mean 34-month follow-up. 
Normal alignment, joint space width equal to or greater 
than 3 mm, and mild radiographie disease were correlated 
with response. Spahn et al. 10 studied predictors of response 
after debridement of médial compartment disease retrospec¬ 
tively at minimum 4-year follow-up. Patients with more than 
three of the following risk factors had significantly poorer 


FIGURE î-î. Schematic of clinical 
decision making for history, physical 
examination, and plain radiography 
for arthroscopic debridement for 
patients with pain and osteoarthritis. 
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outcome: disease for longer than 24 months, obesity, smok¬ 
ing, osteophytosis, joint space width less than 5 mm, absence 
of effusion, absence of synovitis, presence of crystal deposits, 
deep tibial cartilage defect, and need for subtotal or total 
meniscectomy. 

Last, patient âge can be a major factor in decision 
making. For patients considered too young or active for 
arthroplasty and failing to respond to nonoperative manage¬ 
ment, even more advanced arthritic disease can be improved 
enough to “buy some time.” 

CLASSIFICATION SYSTEM 

Radiographie classification has a rôle in the évaluation of 
patients with osteoarthritis if they are being considered 
to be a candidate for arthroscopy, but MRI should be 
used with discrétion. Radiographie classification is useful 
because progressive x-ray changes correlate with higher- 
grade chondrosis at the time of arthroscopy and predict 
poorer response. 11-13 A classic radiographie classification is 
attributed to Kellgren and Lawrence. 14 Progressive findings 
include (1) minimal joint space narrowing; (2) minimal os¬ 
teophytosis; (3) modéra te narrowing, and osteophytosis; and 
(4) joint space oblitération with severe osteophytosis and 
sclerosis. The grading System of Fairbank is well known 
to most practitioners, although it was originally studied in 
the postmeniscectomy knee. 15 Findings such as (1) ridge 
formation, (2) squaring of the condyle, (3) joint space narrow¬ 
ing, and (4) subséquent osteophytosis and sclerosis indicate 
progressive disease. In addition to weight-bearing postero- 
anterior views and non-weight-bearing latéral views, we 
recommend weight-bearing flexion posteroanterior views 
and patellofemoral views (e.g., sunrise, Merchant) to provide 
the best assessment of the degenerative knee, especially in 
patients who may be a candidate for arthroscopic debride¬ 
ment. Figure 1-2 présents typical views, which highlight joint 
space narrowing and other features that are prédicative of 
response to arthroscopy. Different radiographie classification 
Systems hâve been proposed by the American College of 
Rheumatology and other groups. 

The rôle of MRI in assessing a patient with osteoar¬ 
thritis for arthroscopic debridement remains a matter of 
debate. The difficulty rests with assessing the significance 
of meniscus tears ith MRI. Correlating history and physi- 
cal examination findings with meniscal pathology by MRI 
has been shown to be fraught with difficulty in the degen¬ 
erative knee. 

Bhattacharyya et al. 16 studied the relationship among 
meniscal pathology by MRI, Kellgren-Lawrence radiographie 
scores, and WOMAC scores in patients with osteoarthritis 
and négative Controls—91% of patients with osteoarthritis had 
meniscus pathology, and 76% of Controls had some meniscal 
changes as well. Higher Kellgren-Lawrence grade predicted 
MRI meniscal findings, but there was little relationship 
between MRI meniscal findings and WOMAC scores. Ding 
et al. 17,18 studied MRI findings in osteoarthritis and found a 
high corrélation between meniscus tears, cartilage loss, and 
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FIGURE I -2. Coronal plane T2-weighted image of a knee with 
extrusion of the body of the médial meniscus ( arrow ) adjacent to 
the medical collateral ligament, which is well visualized. Extruded 
menisci may be associated with radial and degenerative tears, but 
these tears are less amenable to arthroscopic meniscectomy. 

early radiographie changes. 17 In a related study, meniscus 
extrusion was found to be associated with increased cartilage 
loss and with progression of arthrosis at 2 years. 18 Figure 1-3 
shows the MRI of a patient with meniscus extrusion. The 
meniscal extrusion is often associated with a radial tear of 
the root or posterior insertion, but these tears are less likely 
to respond to arthroscopic debridement. The extruded menis¬ 
cus is rarely in a position such that torn fragments become 
entrapped between the joint surfaces. Patients with extrusion 
are at risk for progression of cartilage loss, subchondral 
edema, and spontaneous osteonecrosis of the knee. Focal, 
high-grade edema may predict spontaneous osteonecrosis of 
the knee and be worsened by additional meniscal debride¬ 
ment. An unloading brace and protected weight bearing can 
be helpful. 

Given the difficulties with MRI findings in the arthritic 
knee, we do not recommend routine use of MRI in a patient 
with known degenerative disease. Some MRI findings are 
certainly relevant to management, such as loose bodies and 
the presence of meniscus pathology. But history, physical 
examination, and weight-bearing plain radiographs give the 
most information on the likelihood of response for an indi- 
vidual patient. 

SURGICAL TECHNIQUE 

The techniques of arthroscopic debridement include limited 
synovectomy, loose body removal, partial meniscectomy, and 
shaving chondroplasty. Most surgeons hâve expérience with these 
methods. Loose chondral flaps (“orange peel”) respond well to 
debridement, and stable borders should be achieved. Fibrillated 
chondral wear (“crabmeat”) does not show lasting symptom 
improvement after debridement, as wear tends to recur. 
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FIGURE 1-3. Weight bearing posteroanterior views (A) and 
patellofemoral views (C) are idéal to assess patients with 
osteoarthritis who may or may not be candidates for arthroscopic 
debridement. Patients with early, more subtle arthritis can be best 
imaged with a weight-bearing 45-degree flexion posteroanterior 
view (B). The same patient in A who had only moderate narrowing 
on an extension weight-bearing view has "bone-on-bone" changes 
on a flexion weight-bearing view and would likely not show 
sustained improvement from arthroscopic surgery. 


Considérable controversy exists surrounding the use of 
microfracture, drilling, and marrow stimulation techniques 
in the osteoarthitic knee. Although widely accepted for focal 
or isolated lésions in the younger, traumatized knee, these 
methods are less clearly indicated in the degenerative knee. 
However, some authors consider microfracture to be a 
routine element of the debridement procedure, at least for 
relatively focal and circumscribed lésions in the context of 
single compartment disease. 10 

In an attempt to provide some support for this view, Bae 
et al. 19 studied the histologie properties of microfracture 
repair tissue after biopsy at second-look arthroscopy in 44 
patients up to 12 months past surgery. They found histologie 
evidence of fibrocartilage and some hyaline-like cartilage 
with immunohistochemical evidence of type II collagen. 
Clinical and radiographie improvement was noted at this 
near-term follow-up as well. Miller and coworkers 20 studied 
microfracture for degenerative lésions at minimum 2-year 
follow-up. Subjective parameters, Lysholm score, and Tegner 


scale improved significantly, but some patients required révi¬ 
sion prior to 5 years. Our indications for microfracture are 
limited to patients with minimal deformity or corrected post- 
osteotomy alignment with focal cartilage lésions. Lésions 
should not be bipolar (i.e., no “kissing” lésions) and substan- 
tial meniscus must be preserved. More advanced cartilage 
procedures such as plug transfer and cultured chondrocyte 
implantation are generally considered contraindicated in 
the presence of degenerative disease, although this may 
change in the future. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

Postoperative restrictions are minimal for most patients, with 
weight bearing as tolerated immediately after surgery for the 
case of simple debridement. Microfracture methods merit 
protection of weight bearing for 4 to 6 weeks. The rôle of 
continuous passive motion (CPM) for microfracture is not 
well studied. Although some uncontrolled sériés support 
CPM, there is no level 1 or 2 evidence. Formai physical ther- 
apy is advised for patients with signifîcant stiffness preopera- 
tively or with limited mobility or strength postoperatively. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Various articles hâve shown improvements in pain and func- 
tion after arthroscopic debridement of the osteoarthritic 
knee. Dervin et al. 8 reported 44% of patients with a decrease 
in WOMAC score at 2 years. Aaron et al. 9 reported 90% of 
the best responders having a signifîcant réduction in the 
pain domain of the American Knee Society Score at a mean 
of 34 months. Jackson and Dieterichs 13 reported 68% good 
or excellent results at mean follow-up of 39 months for the 
subset of patients with earlier stage disease, with poorer 
results in the later stages. However, Spahn et al. 10 concluded 
that 71 % of patients had poor outcome by Knee Injury and 
Osteoarthritis Outcome Score (KOO S) at a mean of 49 
months. Several publications in the 1980s and 1990s 
reported 66% to 74% good or excellent results at mean fol¬ 
low-up of 14 to 60 months. 21-24 Review articles are useful to 
summarize the available level 1, 2, 3, and 4 evidence. 25 
Clearly, results are variable based on patient sélection, out¬ 
come measures, and duration of follow-up. 

Moseley et al. 3 showed no différence in self-reported out- 
comes in patients randomized to arthroscopic debridement, 
lavage, or sham surgery at up to 24 months. The importance 
of this study makes it worth reading in its entirety. However, 
criticisms of serious méthodologie flaws hâve been raised, 
such as in the éditorial by Chambers et al. 5 One critique is 
that the authors used inconsistent outcome measures: a visual 
analog scale for inclusion, the SF-36 pain scale to détermine 
sample size requirements, then a unique Knee-Specific Pain 
Scale (KSPS) as the primary reported outcome. That the 
KSPS is a nonvalidated instrument spécifie to this study and 
not used for a priori power analysis is potentially very limit- 
ing. Other important critiques regarding power analysis, study 
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design (superiority versus équivalence trial), instrument 
validity, inclusion criteria, and sélection bias are relevant as 
well. Far from esoteric nuances, these criticisms mitigate the 
scientific weight of the Moseley et al. study. Kirkley et al. 
showed no significant différence in WOMAC or SF-36 scores 
between 168 patients randomized to either optimized conser¬ 
vative management, or conservative management following 
arthroscopic debridement. The design of this study is greatly 
improved. Possible limitations are the inclusion of patients 
with more severe degeneration known to be at risk for non- 
response (e.g. Kellgren-Lawrence stage III and IV). The 
WOMAC and SF-36 are very well validated instruments, they 
may be optimized for later stage degeneration and too blunt 
to detect smaller improvements in earlier stage degeneration. 
Nonetheless, the Kirkley et al. study adds considérable weight 
to conservative management for ail corners. 

SUMMARY/CONCLUSION 

Several years after the publication of the négative trial by 
Moseley and coworkers, many surgeons still believe that 
“arthroscopic debridement is a reliable and effective treat- 
ment for knee arthritis in appropriately selected patients.” 26 
The Arthroscopy Association of North America has con- 
tinued to adhéré to its position statement that there exists a 
subgroup of degenerative knees that respond to debridement. 
Further confidence in these recommendations will be justi- 
fied if future trials clearly validate the concept of a subset 
of patients highly likely to respond. In the intérim, a limited 
number of patients should be carefully selected based on 
the best evidence-based guidelines available, as we hâve out- 
lined here. In light of variable responses, extensive patient 
counseling and reasonable expectations are impérative. 

FUTURE CONSIDERATIONS 

Future level 1 evidence supporting the rôle of arthroscopic 
debridement in a carefully selected cohort of patients is an 
important goal for clinical research. However, the stan¬ 
dards for future research must be very high, considering the 
sophisticated criticisms that hâve been raised to date. 5 In 
addition, participation in trials is viewed with some skepti- 
cism and bias by patients. Creel et al. 27 studied the willing- 
ness of patients to enroll in a hypothetic randomized trial 
and found significant réluctance, significant gender bias, 
and significant sélection bias for those with prior opinions 
regarding enrollment. This may be a barrier to future studies 
or their meaningful interprétation. 

In the near term, arthroscopic debridement will con¬ 
tinue to be important, as medical therapy and injections hâve 
failed for many patients but they are not yet interested in 
arthroplasty. As such, there is room for future surgical inno¬ 
vation in this middle ground between medical therapy and 
arthroplasty. Perhaps the most promising approaches are 
those that combine arthroscopic surgery with devices for 
controlled drug release in a combination medical/surgical 


therapy. 28 Hotchkiss et al. 29 described a procedure in which 
bone is removed to create a réceptacle for implantation of a 
device that is flush with the surface. Numerous groups hâve 
studied polymer microspheres for controlled drug delivery, 30 
and these are being engineered into arthroscopically im¬ 
plantable devices. 31 In the future, such devices may be able 
to control pain by eluting drug for months after arthroscopic 
debridement. 

VIDEO SEGMENTS 

Case présentation with arthroscopic video. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: There are a variety of proven surgical options available for nonarthroplasty treatment of symptomatic, high-grade 
chondral defects. While patient âge, activity level, occupation, and comorbidities are important factors to consider when choosing a suitable 
treatment, characteristics of the lésion itself can also suggest the optimal surgical treatment modality. This chapter covers the indications, surgical 
pearls, published outcomes, and future developments of the four most widely used surgical techniques currently used to treat focal, high-grade 
cartilage lésions of the knee: microfracture, osteochondral autograft transfer, osteochondral allograft transplant, and autologous chondrocyte 
implantation. 

IMPORTANT POINTS: 

Microfracture 

1. Idéal for symptomatic, focal, Outerbridge grade III or IV chondral lésions of the weight-bearing fémoral condyles, tibial plateau, 
trochlea, and patella. 

Best suited for well-contained chondral defects less than 4 cm 2 . 

Best results seen in young, active patients, ideally less than 45 years old, who are aware of and capable of following postoperative 
réhabilitation regimen. 

Inexpensive procedure with minimal required equipment. 

Autologous Chondrocyte Implantation 

1. Second-line treatment for large or irregularly shaped Outerbridge grade 111-1V lésions of the fémoral condyles, trochlear, or patella. 

2. Most appropriate in high-demand patients less than 40 years old who will be dedicated to and compilant with a lengthy réhabilitation program. 

3. Two-stage procedure, separated by at least 6 weeks. 

4. Resource-intense and technically demanding, less frequently recommended for first-line treatment. 

Osteochondral Autograft Transfer 

1. Idéal for symptomatic, focal, Outerbridge grade III or IV chondral lésions of the weight-bearing fémoral condyles. 

2. Suited for well-contained chondral defects less than 4 cm 2 . 

3. Best results seen in less active patients less than 50 years of âge with stable ligaments and normal alignment. 

4. Histologie analysis of repair tissue shows greatest content of hyaline-like cartilage of any repair technique. 

5. Technically demanding and commercially available instrumentation required. 

6. Donor site morbidity may be an issue. 

Osteochondral Allograft Transplant 

1. Generally reserved for large lésions (greater than 2 cm 2 ), associated with cavitary defects and bone loss. 

2. Good choice in patients with symptomatic osteochondritis dissecans lésions (especially of the latéral aspect of the médial fémoral 
condyle) for which failed prior attempts at native fragment fixation hâve failed. 

3. Suitable for the révision of failed cartilage repair strategies. 

4. No donor site morbidity. 

5. Radiographs of the knee with a radiographie sizing marker are necessary for the allograft company provider to provide a 
size-matched hemicondyle. 

6. Increased expense for the fresh osteochondral allograft and technical difficulty compared with other techniques. 

7. Possible risk of disease transmission or immunologie reaction. 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Cartilage lésions are very common, with an incidence 
reported at the time of arthroscopy as high as 63 %} While 
the natural history of such lésions remains largely unknown, 
it has been presumed that these lésions will progressively 
enlarge and lead to the future development of osteoarthritis 
and a painful knee. It is this concern that has driven scientists 
to more fully understand the anatomy and function of artic- 
ular cartilage in order to better design surgical treatments. 

Anatomy and Function of Articular Cartilage 

The composition of articular cartilage has important implica¬ 
tions for its function. 2,3 Water makes up 65% to 80% of the 
wet weight, with the majority distributed in the superfîcial 
layers. Its primary function is to lubricate and provide nutri¬ 
tion for the joint. The only cell présent is the chondrocyte, 
whose primary function is to produce the abundant extracellu¬ 
lar matrix. This matrix is composed of mainly collagen (of 
which 90% to 95% is type II collagen), proteoglycans, and 
other proteins. The collagen provides the cartilaginous ffame- 
work as well as the tensile strength of the articular cartilage. 
The proteoglycans are mainly responsible for the compressive 
strength of the cartilage. 

The thickness of the cartilage layer in joints is between 
2 and 5 mm. It is organized into three distinct layers 
(Fig. 2-1). The superfîcial zone is the thinnest zone, has the 
least metabolic activity, and has collagen fibers oriented par- 
allel to the joint surface. It is strongest in shear due to its 
high concentration of collagen fibers. The transitional zone 
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FIGURE 2-1. Schematic représentation of articular cartilage (see text 
for details). 


is several fîmes thicker than the superfîcial zone. Collagen 
fibers are oriented more obliquely here than in the superfîcial 
zone, and this région has a higher concentration of proteo¬ 
glycans. The radial (or deep) zone contains the largest-diam- 
eter collagen fibers organized perpendicular to the joint 
surface and has the highest concentration of proteoglycans. 
It is strongest in compression. The tidemark can be found 
deep to this last layer. 

The tidemark is a thin basophilie line seen on light 
microscopy of decalcified cartilage. It corresponds to the 
boundary between calcified and uncalcified cartilage. Under- 
lying the tidemark is a thin zone of calcified cartilage, deep to 
which can be found the subchondral and cancellous bone. It 
is believed that in order for healing of cartilage lésions to 
occur, the tidemark must be crossed so as to allow the under- 
lying mesenchymal stem cell to access the zone of injury. 
This will allow these cells to differentiate and produce fibro- 
cartilage. This has important implications in various meth- 
ods of cartilage repair, such as abrasion chondroplasty and 
microfracture. 

Cartilage Response to Injury 

Articular cartilage has no blood supply, lymphatic drainage, 
or innervation. As a resuit, chondral injuries that do not cross 
the tidemark cannot generate an inflammatory response. 
This generates two types of responses from the résident 
chondrocytes. Apoptosis of the cells surrounding the edge 
of the injury has been demonstrated with subséquent prolif¬ 
ération of the remaining cell. 4 This créâtes an incomplète 
healing response due to the limited ability of these terminally 
differentiated chondrocytes to proliferate and initiate repair. 3 
While many of the surviving cells may undergo prolifération 
in an attempt to repair the tissue, this increase in metabolic 
activity is brief. As a resuit, chondrocytes do not migrate into 
the defect and the edges of the injury do not fuse. If these 
lésions are uns table, they may easily progress to larger sizes 
and cause significant symptoms such as pain or mechanical 
symptoms. 

Injuries that penetrate the subchondral bone may resuit 
in a more extensive healing response. Disruption of the 
underlying blood vessels may resuit in the formation of a 
fibrin clôt at the site of the defect. 2 As long as this surface 
is protected from excessive stress, undifferentiated mesen¬ 
chymal stem cells will migrate and differentiate into cells 
with features of chondrocytes. 5 This will resuit in formation 
of a fibrocartilagenous articular surface, with a higher ratio 
of type I to type II cartilage compared with normal articular 
cartilage. 6 Depending on the size of the defect and the 
amount of disruption of the repair matrix, the defect may fill. 
In most cases, however, dégénérative changes begin and they 
may eventually progress to large cavitary defects. 

When considering repair or reconstruction of cartilage 
defects, it is important to consider these cited mechanisms. 
Techniques that repair the articular defect (e.g., microfrac¬ 
ture) rely on the mesenchymal stem cells in the subchondral 
bone for the formation of the fibrocartilagenous surface. 
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This, in combination with a protective réhabilitation pro- 
gram, may relieve symptoms in a majority of patients. 2,5 

Overall Treatment Algorithm and Approach 
to Chondral Injuries 

There are a variety of surgical options available for nonar- 
throplasty treatment of symptomatic, high-grade chondral 
defects. While patient âge, activity level, occupation, and 
comorbidities are important factors to consider when choos- 
ing a suitable treatment, characteristics of the lésion itself can 
also suggest the optimal surgical technique. Surgical deci- 
sion-making begins with a characterization of the cartilage 
defect. In the case of asymptomatic lésions found incidentally 
at the time of surgery, palliative treatment such as arthro- 
scopic debridement may be performed; however, the clinical 
significance of these lésions is questionable. 7 If the lésion is 
small (<2 to 3 cm 2 ) and does not involve the subchondral 
bone, surgical options include microfracture, autologous 
chondrocyte implantation (ACI), and osteochondral auto¬ 
graft transfer (OAT). Failure of any of these procedures is 
often remedied by an osteochondral allograft transplant. 
Depending on availability, some surgeons choose transplan¬ 
tation as a primary option in this setting as well. In the 
setting of larger defects, especially when associated with 
involvement of the subchondral bone, surgeons should 
choose restorative options including osteochondral allo- 
grafts. Larger cartilaginous lésions (>2 to 3 cm 2 ) may be 
restored with autologous chondrocyte implantation or 
reconstructed with bulk osteochondral allografting. The 
overall treatment algorithm for approaching chondral defects 
is presented in Figure 2-2. 

In ail chondral repair procedures, the récognition of 
associated conditions such as axial malalignment, ligamen- 
tous instability, and meniscal defîciency is critical for success. 
These conditions must be addressed prior to or concurrent 
with the surgical treatment of cartilage lésions. Cartilage res- 
toration surgery is often performed at the same time or in a 
staged fashion with ligament reconstruction, meniscal trans¬ 
plantation, and/or corrective ostéotomies about the knee. 7 

Patient évaluation is performed similarly independent 
of which cartilage procedure is determined to be most appro- 
priate. Symptomatic chondral lésions should be suspected in 
patients with récurrent activity-related effusions and com- 
partment-specifîc pain. The physical examination of patients 
with chondral lésions is often nonfocal with occasional 
defect-specific tenderness. Lésions of the patellofemoral 


joint may be identifîed with use of a patellar grind test 
or reproduction of symptoms during open chain knee 
extension. The surgeon should carefully assess ligamen- 
tous laxity and limb alignment. If a subtle acquired axial 
malalignment or dynamic thrust is suspected, long limb 
alignment radiographs should be reviewed. Standard weight- 
bearing radiographs should be scrutinized for evidence 
of generalized dégénérative changes. Specifically, a bilateral 
posterior-to-anterior 45-degree flexion weight-bearing radio- 
graph, a bilateral anterior-to-posterior extension weight- 
bearing radiograph, a 45-degree flexion non-weight-bearing 
latéral radiograph, and a patellofemoral view (i.e., Merchant) 
will demonstrate joint space abnormalities as well as evidence 
of overt osteoarthritis. Although magnetic résonance imaging 
(MRI) is not essential, careful review of cartilage-sensitive 
sequences has been shown to be highly sensitive and spécifie 
for determining exact location, size, and grade of chondral 
lésions. 

OverView of the Surgical Options for Cartilage 
Treatment 

Chondral repair techniques include reparative (microfrac¬ 
ture), restorative (osteochondral autograft plug transfer and 
autologous chondrocyte transplantation), and reconstruc¬ 
tive (bulk osteochondral allograft) methods. Through an 
improved understanding of cartilage biology, marrow stimu¬ 
lation techniques, such as microfracture, allow the delivery of 
stem cells and growth factors to the otherwise avascular tis- 
sue superficial to the subchondral plate. 8 Careful anatomical 
and histologie studies hâve made the use of osteochondral 
allografts and autografts possible, delivering viable, metabol- 
ically active cartilage atop a supporting bone plug. 9 Advances 
in the science of cell culture and delivery hâve made techni¬ 
ques such as ACI possible, where harvested autologous chon¬ 
drocytes are expanded in culture and replaced into the defect 
under a periosteal patch. 10 With careful attention to indica¬ 
tions and surgical technique, these strategies hâve yielded 
good to excellent outcomes in 80% to 95% of patients in 
medium- and long-term studies. 

Microfracture 

The principles of marrow stimulation technique were devel- 
oped by Pridie 11 in the 1950s, who attempted to introduce a 
vascular-mediated healing response to cartilage lésions by 
drilling denuded bone via direct arthrotomy. 12 Subséquent 
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FIGURE 2-2. The overall treatment algorithm for the approach to chondral defects of the knee. (Courtesy Adam Yanke.) 
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studies showed unpredictable results due to heat necrosis 
during drilling. 13 With the advent of arthroscopy, research- 
ers sought innovative approaches to cartilage repair, includ- 
ing abrasion chondroplasty, but were still unable to achieve 
predictable results. In 1994, Rodrigo et al. 8 published details 
of their microfracture technique, which used angled arthro- 
scopic awls to penetrate the subchondral bone in a controlled 
fashion, delivering pluripotent stem cells, cytokines, and 
growth factors to yield a stable fibrocartilage repair. 14,15 The 
success of microfracture hinges on careful attention to opéra¬ 
tive indications, meticulous surgical technique, and strict 
adhérence to postoperative réhabilitation. Microfracture has 
been shown to yield good to excellent functional results in 
medium- to long-term foliow-up 12,14-17 and represents a via¬ 
ble first-line treatment for symptomatic chondral defects. 

Autologous Chondrocyte Implantation 

ACI was developed in Sweden in the mid 1990s, and the first 
published large sériés of patients showed good to excellent 
results in over 90% of cases at mid-term follow-up. 18 In 
broad terms, ACI is largely a second-line treatment for 
Outerbridge grade III-IV lésions of the fémoral condyles, 
trochlear, or patella. This technique is most appropriate in 
high-demand patients younger than 50 years who will be 
dedicated and compliant with the lengthy réhabilitation. 19 
While debridement or microfracture may suffïce in low- 
demand patients, multiple or irregularly shaped lésions 
(2 to 10 cm 2 ) and lésions of the patellofemoral joint in 
demanding patients are more amenable to ACI. 20 For others, 
chronicity is an important element, as “virgin” acute lésions 
are potentially treatable with other modalities. 21 If an ACI 
fails, révision options are limited to a repeat ACI, osteo- 
chondral allograft, or arthroplasty. The need for additional 
procedures is an important considération in planning for 
the ACI. Many surgeons will not perform the cartilage 
implantation in a meniseus-déficient or malaligned knee; 
thus, concurrent realignment procedures and meniscus trans¬ 
plantation are increasingly common. However, due to the 
propensity to cause stiffness, ligament reconstruction is often 
staged prior to the ACI, possibly at the time of biopsy. 20 

Osteochondral Autograft Transfer 

The mosaicplasty technique of OAT in the treatment of focal 
high-grade cartilage defects of the knee was popularized in 
the mid-1990s by L. Hangody. 9 Several preclinical investiga¬ 
tions in animal models hâve supported this technique, 22,23 
and a similar technique (involving solitary, not multiple, 
plugs) has been described. 24,25 Subsequently, the OAT proce¬ 
dure has become widely accepted as an effective treatment of 
high-grade cartilage defects of the knee and talus. 

The use of an osteochondral allograft in a primary carti¬ 
lage surgery is becoming increasingly popular; because there 
is no concern for donor site morbidity, it can be performed in 
a single-stage and offers a fresh osteoarticular construct. 
However, this technique is not without limitations, including 


the potential for disease transmission, graft acquisition and 
storage, concerns regarding the amount of graft chondrocyte 
viability at the time of transplantation, and immunologie 
considérations. 

The graft must be obtained from a suitable host with 
viable cartilage. Typically, the host will be between 15 and 
40 years old. The grafts are used while fresh to maximize 
chondrocyte viability. It is also important to ensure that the 
cartilage is of good quality. In addition, the graft must be size 
matched to the récipient. This is accomplished by obtaining 
an anteroposterior radiograph of the patient’s knee with a 
magnification marker. The tissue bank may then make a cor¬ 
rélation with the tibial plateau or fémoral condyle of the 
donor. While these measurements may provide an estimate 
as to the correct size, the patient’s pathology must be care- 
fully assessed to ensure proper sizing of the allograft. 

The storage of the graft raises several important con¬ 
cerns. Fresh-frozen allograft has been shown to improve 
incorporation by increasing availability and reducing the 
immune response. 26 However, freezing chondrocytes within 
their extracellular matrix may eliminate more than 95% of 
chondrocytes within the graft. 27 Several studies hâve demon- 
strated maintenance of mechanical properties as well as via¬ 
ble chondrocytes with fresh allograft. 28,29 Czitrom et al. 28 
demonstrated 69% to 78% viable chondrocytes in a fémoral 
condyle allograft 24 months after transplantation. 

An additional concern raised by the use of allograft is the 
risk of disease transmission and that of immune reaction. 
The risk of disease transmission is relatively low but not non- 
existent. 30 Proper screening techniques hâve been quoted to 
hâve reduced the risk of transmission of human immunodefi- 
ciency virus (HIV) to 1:1,667,600, 31 and one case of hepatitis 
B and three cases of hepatitis C virus infection hâve been 
quoted in the literature. 30 It is important for the surgeon to 
discuss these risks with the patient prior to proceeding with 
an allograft transfer. 

Finally, there is very little doubt that the host immune 
reaction may hâve a serious impact on the eventual outcome 
of articular allograft. Currently, small fragment allô grafts are 
not human leukocyte antigen (HLA) or blood type matched 
between donor and récipient. 32 Animal studies hâve demon¬ 
strated that fresh unmatched osteochondral allografts elicit 
a variable immune response. 33 While most studies hâve 
shown that patients generally tolerate articular allograft 
immunologically, 32 one particular study demonstrated that 
50% of patients generated sérum anti-HLA antibodies. 
While the relevance of these findings remains unknown, they 
may hâve serious implications on the long-term outcome of 
these allografts. 

INDICATIONS/CONTRAINDICATIONS 

Indications may vary for each type of cartilage procedure. 
However, some indications will be consistent regardless of 
the technique used. Ail patients should hâve a chondral 
lésion that is considered symptomatic and for which nonop- 
erative management has failed. In general, lésions that are 
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less than 1 cm 2 will be asymptomatic. 34 For the most part, 
lésions should also be isolated to the fémoral condyles, 
although some hâve had success with treatment of patellar 
lésions. 35 The lésion should be unipolar with normal or 
near-normal surrounding cartilage. Diffuse cartilage degen- 
eration is generally considered to be a contraindication to 
cartilage repair and reconstractive procedures. Some indica¬ 
tions related to certain defect characteristics are spécifie to 
the type of cartilage procedure (Table 2-1). 

In general, most of these procedures produce better out- 
comes when used in younger patients but may be suitable for 
patients up to 60 years of âge. 15,16 Patients should be able 
and willing to participate in a postoperative protocol that will 
include a period of non-weight-bearing as well as range of 
motion of the knee. 

Finally, it is important to address any associated pathol- 
ogy prior to intervention for chondral lésions. Instability or 
altered contact pressure in the knee may resuit from ligamen- 
tous insufficiency or meniscal injury and may affect the out- 
come of any procedure performed to treat a chondral lésion. 
As a resuit, these should be addressed either concurrently or 
in a prior procedure. Most will agréé that greater than 5 
degrees of varus or valgus malalignment is unacceptable. 
Sterett and Steadman 44 demonstrated good results with com- 
bined high tibial osteotomy and microfracture in patients 
with both significant malalignment and chondral lésions. 

Contraindications to cartilage repair or reconstruc¬ 
tion include diffuse degenerative joint disease, subchondral 
bone loss or collapse, severe axial malalignment or knee 
instability that cannot be surgically addressed, poor patient 
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TABLE 2-1 Indications Related to Certain Defect 
Characteristics That Are Spécifie to the Type of Cartilage 
Procedure 


Indications 


Microfracture 


Autologous 

chondrocyte 

implantation 

Osteochondral 
autograft transfer 


Osteochondral allograft 


Lésions of the fémoral condyles, tibial 
plateau, trochlea, or patella 
Lésions less than 4 cm 2 
Lésions of the fémoral condyles, trochlea, 
or patella 

Lésions greater than 1 cm 2 and up to 
16 cm 236 

Lésions of the fémoral condyles 
Lésions less than 4 cm 2 
Bone defects of up to 10 to 15 mm 34 
Unstable osteochondritis dissecans 
lésions 37 

Lésions of the fémoral condyles or tibial 
plateau 

Lésions greater than 2 cm 229 ' 38-40 
Well-contained bipolar lésions 
Lésions associated with cavitary defects and 
bone loss 

Révision chondral surgery 
Bony defects of greater than 1 cm 
Symptomatic osteochondritis dissecans 
lésions that hâve failed prior attempts at 
native fragment fixation 41-43 


compliance, infection, inflammatory arthropathy, tumor, 
and the presence of systemic cartilage disorders. There are 
also some relative contraindications, which include body 
mass index of greater than 30 kg/m 2 , long-standing symp- 
toms (>1 year), meniscal deficiency, and patient âge older 
than 60 years. 

CLASSIFICATION SYSTEM 

Many classification Systems hâve been used. One of the most 
commonly used is the Outerbridge System, described initially 
in 1961 for patellar lésions. 45 Lésions may be graded from 
0 to IV as viewed and probed arthroscopically. This System 
is widely known and easy to use. One of the shortcomings 
of this System is that there is no distinction as to lésion depth 
between grade II and III lésions. Bauer and Jackson 46 
described an arthroscopic System of classification of fémoral 
condyle defects with grading from I (line crack) to VI 
(degrading defect). More recently, the International Carti¬ 
lage Grading Society described a classification System focus- 
ing not only on the depth of the lésion but also on the 
area of damage. 47 The grading System is from 0 to IV, with 
modification of the System available for grading of osteo¬ 
chondritis dissecans (OCD) lésions. 

SURGICAL TECHNIQUE 

In ail cases, a standard diagnostic arthroscopy is performed. 
A well-padded tourniquet should be placed and inflated 
before the procedure if use is preferred by the surgeon. It is 
important to explore both médial and latéral gutters as well 
as the posterior compartments of the knee for possible loose 
bodies when a chondral lésion is présent. It is also important 
to perform any additional procedures prior to the chondral 
reconstruction technique to be used, such as meniscal debride- 
ment or repair. In some cases such as planned microfracture 
and ligamentous reconstruction, the cartilage procedure is 
performed first to avoid problems with visualization. 12 ’ 48 
Before proceeding with any reconstruction technique, the 
chondral lésion should be debrided to a stable rim with a 
shaver or ring curet to expose the underlying subchondral 
plate (Fig. 2-3). We hâve also found it useful to use a standard 
soft tissue shaver in a forward direction to create vertical walls 
around the periphery of the defect. This might require peri- 
odic switching of the shaver from one portai to another to 
most efficiently access the lesion’s periphery. 


Microfracture 

The technique for microfracture has been previously 
described by Steadman et al. 49 The cartilage defect is first 
debrided of flaps and the calcified layer as described earlier. 
Violating and excising the calcified layer require spécial 
attention as insufficient debridement of this layer may lead 
to poor adhérence of the fibrocartilage repair tissue, while 
thinning of the subchondral plate by aggressive debride¬ 
ment may lead to excessive bony prolifération during 
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FIGURE 2-3. The microfracture procedure. 

(A) A curette is used to débridé the loose chondral 
fragments and to obtain stable vertical borders. 

(B) The layer of calcified cartilage is gently removed 
to allow the marrow éléments full access to the 
subchondral bone. 


remodeling. 50 Either phenomenon may jeopardize the bio- 
mechanical properties of the fïbrocartilage repair tissue. 12 
After debridement, the arc of motion is recorded to quantify 
the position of contact that the lésion makes with the joint 
surface. This aids in planning for postoperative réhabilitation 
and restrictions. 

Multiple small holes are made in the subchondral bone 
using a commercially available awl or another sharp device 
(Fig. 2-4). It is critical that the awl pénétrâtes the subchon¬ 
dral plate in a perpendicular fashion to prevent skiving and 
creating troughs that could compromise the integrity of the 
plate or otherwise lead to confluence of the microfractured 
holes. Selecting appropriately angled awls and positioning 
the knee in an optimally flexed position will ensure this per¬ 
pendicular pénétration. The awl tip is advanced with careful, 
controlled mallet taps (Fig. 2-5). The depth of the holes is 
typically about 4 mm with adéquate depth confirmed by the 
appearance of fatty marrow droplets or bleeding. Microfrac¬ 
ture holes are created at the periphery of the lésion at 3- to 
4-mm intervals and then continued in a spiral pattern to the 


FIGURE 2-4. Microfracture of a defect on the fémoral condyle. Note 
the spacing of the microfractures. 


FIGURE 2-5. Microfracture awls penetrate the subchondral plate to 
stimulate the marrow éléments and to allow access of the marrow 
éléments to the bony surface. 


center. The distance of 3 to 4 mm allows for adéquate péné¬ 
tration and coverage of the defect while limiting the possibility 
of fracture of the bone between the holes. The shaver is again 
introduced and run over the newly created defects to débridé 
any loose bone fragments that were created from the micro¬ 
fracture. The tourniquet, if used, should be deflated to evalu- 
ate the appearance of blood and/or fat droplets and final 
images of the lésion obtained prior to closure (Fig. 2-6). 
The instruments are removed, the portais are closed, and a 
stérile dressing is applied. No drains should be placed, so as 
to not disturb the clôt formed over the defect. 

Clinical/Surgical Pearls 

1. Periphery of the lésion must be carefully debrided of loose 
cartilage flaps and stabilized to vertical chondral walls. 
A soft tissue shaver used in the forward direction will help 
facilita te this step. 

2. Use a ring curette to completely dénudé the subchondral 
bone of the calcified cartilage zone. 
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FIGURE 2-6. Bleeding is visualized from the subchondral awl holes 
once the arthroscopic pump pressure is decreased. 


3. Ensure that the awl pénétrâtes the subchondral bone in a 
perpendicular fashion. 

4. Leave a bone bridge of 2 to 3 mm between microfracture 
holes. 

5. Release pump pressure and document good marrow drop- 
lets and subchondral bleeding from each hole. 

Clinical/Surgical Pitfalls 

1. Unstable chondral periphery yields poor repair tissue fill 
and intégration. 

2. Excessive debridement of the calcified cartilage may lead to 
subchondral bone hypertrophy and poor repair tissue. 

3. Failure to penetrate the subchondral bone in a perpendic¬ 
ular fashion may resuit in the formation of troughs and 
resuit in subchondral plate collapse. 

Autologous Chondrocyte Implantation 

ACI is a two-step procedure with an initial diagnostic 
arthroscopy at which time the chondrocytes are harvested, 
followed by a second procedure to reimplant the chon¬ 
drocytes. In cases of axial malalignment, meniscal defici- 
ency, or ligamentous instability, many surgeons recommend 
addressing this concomitant pathology at the time of the 
fîrst stage of the procedure. 

Arthroscopic biopsy is performed with a gouge or ring 
curette at the latéral intercondylar ridge (the région that is 
commonly removed when performing notchplasty during 
anterior cruciate ligament reconstruction). 20 If pathology is 
présent in this région, the biopsy specimen can be taken from 
the superolateral edge or from the latéral edge of the inter¬ 
condylar notch. The biopsy specimen must be full thickness 
and should measure 5 to 10 mm, which has been shown to 
weigh 200 to 300 mg and contain between 200,000 and 


300,000 cells. The biopsy specimen is transferred via stérile 
technique into a commercially provided cell culture vial and 
shipped next-day service in a controlled environment pack¬ 
age at 4 °C for cell culture and expansion (Genzyme Biosur- 
gery Corporation, Cambridge, MA). Once the specimen is 
received, the cellular expansion process is completed in 
approximately 1 month, yielding a suspension of 12 million 
cells per 0.4 mL culture medium, or approximately 20 to 
50 times the initial cell number. 20 

Implantation is performed through a carefully planned 
peripatellar arthrotomy that allows sufficient, direct access to 
the lésion. For larger lésions, this may involve an osteotomy of 
the fémoral épicondyle or tibial tubercle to provide sufficient 
access, although most fémoral condyle lésions can be addressed 
through mini-arthrotomies. 10,20 Posterior lésions may require 
hyperflexion as well as subperiosteal mobilization of the menis- 
cus, which may be repaired later. The defect is prepared by 
using a ring curette to sharply remove diseased cartilage at the 
periphery back to stable, vertical walls. Subchondral pénétra¬ 
tion is avoided, so that bleeding is minimized. This prevents a 
mixed cell population of undifferentiated stem cells with the 
end-differentiated chondrocytes. If the lésion extends to syno¬ 
vium, it may be bénéficiai to leave a rim of less healthy cartilage 
to keep the lésion contained and prevent having to suture the 
periosteal layer to synovium only. Hemostasis is achieved with 
pledgets of diluted epinephrine and saline solution applied with 
direct pressure. The lésion is then carefully measured, and a 
template can be made using stérile paper to assist in sizing the 
periosteal patch. 

Periosteal harvest is preferentially performed from the 
ipsilateral proximal médial tibia, 2 cm distal to the pes anserine. 
Alternative sites include the distal anterior fémur and the con¬ 
tralatéral tibia or fémur. The plane between the subcutaneous 
tissues and the periosteum is developed with blunt dissection 
and the periosteum is scored with a No. 15 blade knife, at least 

2 mm larger in each dimension than the template to accommo- 
date postharvest shrinking. The dissection should not be per¬ 
formed with electrocautery so as to avoid damage to the 
cambium layer of periosteum. The periosteum is gently lifred 
with the use of a sharp, curved periosteal elevator from distal 
to proximal (Fig. 2-7 A). Small tears can be later repaired with 
suture if necessary. The outer surface is marked with a stérile 
marking pen to distinguish it from the inner layer, and the graft 
should be kept moist at ail times during the harvest to minimize 
the amount of cell death in the sensitive cambium layer. 

The patch is placed over the defect and trimmed to size if 
necessary; no overlap on the healthy cartilage rim is desired, 
but s orne tenting should be created to accommodate the sus¬ 
pension to be injected. The outer layer of the periosteum 
should face toward the joint space, inverting its natural orien¬ 
tation. Suturing is accomplished with a 6-0 absorbable Vicryl 
on a small P-l cutting needle, lubricated with minerai oil in 
multiple simple stitches placed approximately 2 mm apart 
(Fig. 2-7 B). The patch is tacked in four corners, initially, with 
sutures passed first through the periosteum from outside to 
inside and then through the cartilage from deep to superficial, 

3 mm from the periphery of the defect. 10,20 Sutures are tied 
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FIGURE 2-7. (A) For autologous 
chondrocyte implantation, the periosteal 
patch is harvested and any remaining fat is 
removed gently to preserve the 
periosteum integrity. The outer layer 
should face the joint space. (B) The 
periosteum is sutured with 6-0 absorbable 
Vicryl lubricated with minerai oil at 2- to 
3-mm intervals to ensure a solid seal and 
patch adhérence. A 5- to 8-mm opening 
is left at the superior aspect of the patch 
to accommodate an 18-gauge 
angiocatheter. 




directly over the junction of the periosteum and native carti¬ 
lage, spaced 3 to 4 mm apart to ensure a watertight seal. 
Fibrin glue is used to seal the edges of the patch and the 
sutures except for a 5-mm opening at the superior aspect of 
the defect that is left for the final delivery of the cells. This 
fibrin sealant may be obtained either by having the patient 
donate a unit of autologous blood 14 days before surgery to 
be processed into fibrin glue or by using commercially avail- 
able fibrin glue from pooled donors. Mini anchors or bone 
tunnels may be used if the cartilage rim is failing to hold the 
suture or if the patch needs to be sutured near the fémoral 
notch. The seal is tested with a saline load delivered through 
an 18-gauge angiocatheter. After removal of ail injected saline, 
the suture line is resealed with fibrin glue and tested again. 

Chondrocyte injection begins with careful stérile prépa¬ 
ration of the suspension. The top of the nonsterile vial is 
prepped with alcohol, and while maintaining the vial in an 
upright position, a stérile 18-gauge angiocatheter is inserted 
into the vial and the needle is removed. The fluid overlying 
the cellular sédiment is gently aspirated and reinjected sev- 
eral times to agitate the suspension completely. The contents 
of the vial are then completely withdrawn into the syringe 
and transferred into the lésion from distal to proximal, with 
a gentle side-to-side motion (Fig. 2-8). The remaining open¬ 
ing is then sutured and sealed with fibrin glue. The knee is 
then extended and layered closure of the incisions is per- 
formed. Drains are avoided, due to risk of patch disruption. 


4. Oversize periosteal patch harvest by at least 2 mm in each 
direction, and ensure that the patch can be tented to 
accommodate injected suspension. 

5. Ensure that the patch is as thin as possible, removing ail 
excess fat to avoid problems with patch overgrowth and 
hypertrophy. 


Clinical/Surgical Pearls 

1. Careful préparation of the periphery of the lésion to sta¬ 
ble, vertical walls is critical to success. 

2. Avoid subchondral pénétration to minimize bleeding into 
the transplant area. 

3. Meticulous hemostasis of lésion can be achieved with 
pledgets of 1:1000 epinephrine/saline solution. 


FIGURE 2-8. An 18-gauge angiocatheter is inserted into the 
opening of the patch, and the autologous cell transplant suspension 
is inserted. 
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6. Mark outer layer to ensure proper patch orientation (cam¬ 
bium layer down). 

7. Loupe magnification may be helpful to assist in suturing. 

8. Use mini bone anchors or tunnels as needed to secure 
periosteal patch, especially in areas around the fémoral 
notch where no cartilage is available for suturing. 

9. Ensure watertight seal with fibrin glue. 

Clinical/Surgical Pitfalls 

1. If the lésion is large and irregularly shaped, be careful to 
calculate the projected volume of cells needed and order 
a second vial if indicated. 

2. Tears in the harvested periosteum may compromise the 
watertight seal and must be sutured before implantation. 

3. Beware of compromised surgical sterility during extrac¬ 
tion of the cells from the nonsterile shipping vial. 

4. Delay the initiation of continuous passive motion (CPM) 
for at least 8 hours postoperatively to enhance cellular 
attachment and patch integrity. 

Osteochondral Autograft Transfer 

Portai placement is important when an OAT procedure is to 
be performed. The portai should be placed 1 cm latéral and 
médial in relation to the patellar tendon and should provide 
perpendicular access to the harvest site as well as the defect. 
Alternative portais such as the transpatellar tendon and mid- 
lateral may provide more perpendicular access to the articu- 
lar surface. A spinal needle may be useful to ensure proper 
placement of the portais. The portais should be made 
through vertical incisions so as to facilitate maneuvering of 
the harvesting chisel and to provide an extensile approach 
should an arthrotomy be necessary. 

The defect is sized with a probe or commercially avail¬ 
able measuring device to détermine the number, diameter, 
and position of the graft cylinders that will be required. For 
any lésion greater than 1 cm in diameter, multiple plugs 
should be used. The harvesting punch can be a useful mea- 
surement tool that can also be used to create a template for 
the filling of the defect. During this process, it is critical that 
the sizing and harvest devices remain as perpendicular as 
possible to the area of chondral damage. 

Graft harvest is performed at one of three sites: the 
peripheral médial fémoral condyle, the latéral fémoral con- 
dyle superior to the sulcus terminalis, or the superolateral 
aspect of the intercondylar notch. Investigators hâve shown 
relatively lower contact pressures in the médial fémoral 
trochlea or distally from the latéral fémoral trochlea. 51,52 
Careful considérations should be made to match the donor 
site to the planned récipient site, including the idéal number 
of plugs. Typically, approximately nine plugs (depending on 
the size of the knee), measuring 4.5 mm in diameter may be 
obtained from each knee if proper technique is used 
(Fig. 2-9). Generally, plugs measuring between 3 and 5 mm 
in diameter are harvested. Smaller plugs hâve been shown 
to be too fragile, whereas larger plugs may resuit in 



FIGURE 2-9. Mosaicplasty of a fémoral condyle defect. 


significant morbidity to both the harvest site and the oppos- 
ing chondral surface. 34 It is important that the harvest sites 
be no doser than 2 to 3 mm because sites that are placed 
too close together may cause the bone tunnels to intersect 
(Fig. 2-10). This may cause collapse of the overlying bone 
or shortening of the harvest plugs. When harvesting the 
graft, we prefer the use of manually driven harvesting 



FIGURE 2-T 0. Postoperative magnetic résonance image of a 
mosaicplasty performed with the plugs placed too close together, 
leading to convergence of the tunnels. 




18 SURGICAL TREATMENT OF THE ARTHRITIC KNEE: ALTERNATIVES TO TKA 


punches because power trephination may resuit in decreased 
chondrocyte survival rates due to thermal necrosis. 20,53,54 

Plugs are harvested using a commercially available har- 
vester available in different diameters. The harvester should 
be placed firmly against the cartilage in a perpendicular fash- 
ion while it is impacted with steady, gentle mallet taps, ensur- 
ing a smooth and cylindrical graft plug. The depth of 
pénétration is usually approximately 15 mm. If the defect 
includes substantial bone loss greater than 10 mm in depth, 
longer plugs may be harvested. To ensure stable plug implan¬ 
tation, at least half of the plug must be buried in bone. 
Therefore, to reconstruct a 15-mm defect, a 30-mm plug is 
required. Each System has its recommended technique for 
graft extraction, but in ail cases, avoiding excessive toggling 
is paramount. After graft removal, either measuring the graft 
directly or using a plunger device in the harvest site déter¬ 
mines length. The grafts are placed in moist gauze on the 
back table and are carefully labeled with length and diameter. 
The subchondral bone may be carefully trimmed to ensure a 
fiat base. 

Récipient site préparation begins with a second confir¬ 
mation of the planned number and size of the grafts. A 1- to 
2-mm bridge of subchondral bone should separate récipient 
holes. 20,54 The appropriate insertion angle must also be 
determined. This critical step ensures that the harvested plug 
will be inserted perpendicular to the joint surface. Appropri- 
ately sized reamers are used to drill each récipient hole to a 
depth at least 1 mm deeper than the donor plug, ensuring that 
adéquate arthroscopy irrigation fluid is circulating to avoid 
thermal necrosis. Overdrilling the récipient hole diminishes 
damage to the graft during impaction. Loose cartilage or bone 
fragments are gently removed with a shaver. 

Graft implantation is performed with the assistance of 
delivery tubes, which are seated firmly against the récipient 
hole (Fig. 2-11). If the cartilage on the harvested plug or 
the cartilage surrounding the récipient site is oblique, the 


graft should be oriented within the inserter prior to place¬ 
ment to be the best match to the contour of the surrounding 
cartilage. Also before insertion, the inflow pump should be 
turned off to prevent swelling of the graft and a possible size 
mismatch with the récipient site. This will also prevent the 
graft from being accidentally expelled from the insertion tool 
because of fluid pressure. The graft is advanced by manual 
pressure and with gentle taps on the impactor plunger. 
Excess force is avoided as pressures greater than 15 MPa in 
adults and 7.5 MPa in children hâve been shown to resuit 
in injury to the articular cartilage. 53 

When the graft is nearly seated, the delivery tube is 
gently rotated off of the graft, with care to avoid shearing 
forces along the articular surface. The graft is then gently 
tapped flush with the surrounding cartilage with an over- 
sized tamp (Fig. 2-12). If the graft is embedded too deeply, 
it should be elevated until flush via an adjacent récipient 
hole (Figs. 2-13 and 2-14). If it is left proud, increased con¬ 
tact pressures may adversely affect outcomes. 51 In addition, 
if the graft is not inserted to the floor of the tunnel, the 
space left behind the plugs may coalesce into a cyst and 
may compromise the fixation or resuit in collapse of the 
plug (Fig. 2-15). 

To better recreate the appropriate contour of the articu¬ 
lar surface, peripheral plugs should be inserted prior to the 
central plugs. Inserting the central plugs first tends to resuit 
in these plugs being overly recessed. This results in a flat- 
tened contour once the peripheral plugs are placed; this 
placement eventually leads to fibrocartilage overgrowth on 
top of the plug that renders the transplanted hyaline cartilage 
ineffective. After ail the grafts are placed, the knee is tested 
through range of motion and graft stability is assessed. 
Wounds are closed in a standard manner and a compressive 
dressing is placed. 

In the case of larger defects and multiple plugs, the 
récipient holes should be tailored to the defect to help 



B 



FIGURE 2—11. There are a variety of sites available for autograft harvest (A, B). 
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FIGURE 2-12. The donor autograft is advanced into the récipient 
hole perpendicular to the surface and gently tapped into place. 



FIGURE 2-13. Arthroscopic view of the final autograft implantation. 


restore the native radius of curvature. This is technically 
challenging, but investigators suggest drilling the central 
holes in a perpendicular fashion, while drilling the peripheral 
holes with a slight inward obliquity. 20 Some advise proceed- 
ing in a stepwise fashion, with harvest, reaming, and implan¬ 
tation for each planned récipient hole, one at a time. There 
are commercially available back-fîller plugs composed of a 
variety of osteoconductive materials that can be used to fill 
the donor sites if desired (Fig. 2-16). 

An open procedure should be used when attempting to 
resurface patellar lésions as this cannot be performed 
arthroscopically. A latéral parapatellar incision is preferred 
because a concurrent tibial tubercle osteotomy may be 



FIGURE 2-14. Several autografts may be placed in a "snowman" 
technique to achieve coverage of a larger defect. 



FIGURE 2-15. Postoperative magnetic résonance image of a patient 
who underwent mosaicplasty for a fémoral condyle defect. Note 
the graft is placed short of the drilled tunnels, and as a resuit, a cyst 
has formed behind the implanted plugs. 


performed to offload the patellofemoral joint. The remain- 
der of the procedure should be performed using the same 
guidelines as previously described. 

This procedure may also be used to stabilize unstable 
OCD lésions. 34,37 The lésion must be osteochondral 
(Fig. 2-17). Purely chondral lésions and those without an 






20 SURGICAL TREATMENT OF THE ARTHRITIC KNEE: ALTERNATIVES TO TKA 



FIGURE 2-16. The donor sites may be filled with a variety of 
osteoconductive materials. 


adéquate osseous base cause difficulty in fixation and may 
be better treated with debridement. The harvest of the graft 
should be performed as previously described. The plugs are 
then strategically placed to stabilize the fragment. Several 
peripheral plugs should be placed with a single central plug. 
The central plug must be of sufficient length to cross the 
entire length of the OCD lésion and anchor solidly into 
the cancellous bone deep to the lésion. Compression of 
the fragment may be achieved by first placing a central 
screw, after which the peripheral plugs are inserted. The 
screw is then removed and replaced with the central plug. 
An accessory portai through the patellar tendon may be a 
useful adjunct to provide an optimal angle for fixation of 
an OCD lésion on the latéral aspect of the médial fémoral 
condyle. 




FIGURE 2-17. (A) Preoperative magnetic résonance image of an osteochondritis dissecans lésion overlying the fémoral condyle. 

(B) Intraoperative view demonstrating the use of a mosaicplasty graft to fix the osteochondritis dissecans lésion. (C) Postoperative radiograph 
of the same patient. Note restitution of the articular cartilage. 
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Clinical/Surgical Pearls 

1. Carefally measure the dimensions of the lésion and esti¬ 
ma te the radius of curvature of the surrounding cartilage. 

2. Plan the number and size of donor plugs prior to harvest. 

3. Do not hesitate to perform an arthrotomy for either 
donor harvesting or plug insertion. 

4. Hold the harvester firmly against the cartilage in a per- 
pendicular fashion while it is impacted with steady, gentle 
mallet taps to a depth of pénétration of 10 to 15 mm. 

5. Récipient holes should be séparated by a 1- to 2-mm 
bridge of subchondral bone and be 10 mm or less in 
diameter. 

6. Drill each récipient hole to a depth of at least 1 mm 
deeper than the donor plug. 

7. Advance the graft with gentle taps on the impactor plunger 
or with extrusion mechanism of the spécifie System. When 
nearly seated, gently rotate the delivery tube off of the 
graft, with care to avoid traumatizing the cartilage cap. 

8. Ensure that the graft is tapped flush with the surrounding 
cartilage with an oversized tamp. 

Clinical/Surgical Pitfalls 

1. Failure to hold the harvester perpendicular to the donor 
surface will resuit in an asymmetric graft. 

2. Rough handling of the graft during extraction may shear 
the cartilage cap from the subchondral bone. 

3. Failure to overdrill the récipient sites may resuit in donor 
cartilage damage due to excessive compression during 
tamping. 

4. Grafts left proud will be subject to markedly increased 
contact pressures. 

Osteochondral Allograft Transfer 

Articular allograft transfer has been previously described by 
several authors. 32,55 In most cases, allograft transplantation 
will require an arthrotomy for proper exposure of the defect 
and placement of the graft. Before the arthrotomy, a diagnos¬ 
tic arthroscopy may be undertaken to properly characterize 
the lésion and ensure its proper exposure. There are multiple 
commercially available allograft transplant Systems that are 
composed of the fresh allograft harvesting jig and a variety 
of récipient Socket drills and sizing guides. 

Once the defect is isolated on the fémoral condyle, its 
diameter is matched using sizing cylinders, ensuring that 
they completely incorporate the defect. The sizing cylinder 
is carefully placed perpendicular to the defect and a guide 
pin is drilled to a depth of 2 cm (Fig. 2-18T). The cannu- 
lated cylinder guide is then taken off and replaced several 
times to ascertain trajectory, fit, and coverage. The cannu- 
lated counter-bore reamer is then utilized in conjunction 
with liberal saline irrigation to reach a total depth of approx- 
imately 6 to 8 mm, measured from the normal cartilage sur¬ 
face (Fig. 2-18 B,C) It is important to obtain a bleeding 
surface at the osseous base and more bone may need to be 
removed for deeper lésions. The 12-o’clock position is 


marked on the récipient site and will be used to align the 
donor plug. Care is taken to ensure that the récipient socket 
is free of débris that might prevent graft seating. Using a 
depth gauge, the depths of the four quadrants of the donor 
socket corresponding to the 12-, 3-, 6-, and 9-o’clock posi¬ 
tions are recorded (Fig. 2-19A). Optimally, these four mea- 
surements are within 1 to 2 mm of each other in order to 
accommodate the cylindrical plug. 

At the back table, the fresh osteochondral graft is 
secured into the allograft workstation. It is often helpful to 
reduce the size of the condyle by cutting away excess bone 
from the base of the allograft to allow it to fit within the allo¬ 
graft jig (Fig. 2-19 B). The central part of the donor-drilling 
jig is placed over a similar location on the condyle as the 
récipient defect, especially if the lésion is greater than 
2 cm 2 . For smaller lésions, most portions of a fémoral hemi- 
condyle will provide an acceptable fit. The same sizing cylin¬ 
der is placed through the central drilling jig, oriented 
perpendicular to the chondral surface. The 12-o’clock posi¬ 
tion is marked, and the central drill jig is secured with the 
hex-wrench. The donor graft is then drilled with a cannu- 
lated, hollow-bore reamer with copious amounts of normal 
saline irrigation. The graft is extracted from the drill (a 
plunger is provided in the hollow-bore reamer in order to 
free the graft). The depth measurements of the four quad¬ 
rants of the récipient socket should be noted again and a fine 
métal ruler used to mark the location on the bone plug where 
it is to be eut. A spécial holding forceps accommodâtes the 
bone plug, and a small sagittal saw is used to eut the plug 
corresponding to the depth measurements (see Fig. 2-19). 

The donor plug is measured again, and overall match to 
the depth of the socket is confirmed. Puise lavage of the 
donor plug is performed in order to decrease the marrow 
element burden in the subchondral bone. A calibrated dilator 
is then inserted into the récipient socket to dilate an addi- 
tional 0.5 mm to allow for a solid press-fit that can be easily 
flushed with gentle pressure. By hand, the graft is gently 
placed into the socket. An oversized tamp may be used for 
gentle impaction; however, it should be kept in mind that 
too much force has been shown to be deleterious to chondro¬ 
cytes. 56 The graft depth is checked such that a secure, flush 
plug matching the contour and shape of the condyle is 
achieved (Fig. 2-20 A). 

At this point, if the lésion is incompletely covered, a 
“snowman” technique may be used to cover the entire 
lésion (Fig. 2-20 B). Fixation of the plug may be augmented 
with small bioabsorbable compression screws (Arthrex, 
Naples, FF) or absorbable polydioxanone pins. When 
lésions are very irregular in size or difficult to access (i.e., 
very far posterior condylar lésions), a hand-shaped shell 
allograft can be used and fixed with standard screw fixation 
or polydioxanone pins. Care should again be taken to 
ensure that the articular surface of the graft is flush with 
the récipient site. After the graft is secured into place 
and the joint surface is thoroughly irrigated to remove 
débris, the wounds can be closed in a standard fashion and 
a compressive dressing is applied. 
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FIGURE 2-T8. The récipient site is prepared for osteochondral allograft transplantation. (A) A guide pin is placed through the center 
of the damaged area. (B) The defect is reamed to a depth of 6 to 8 mm. (C) Additional small holes are drilled in the base of the 
defect to create vascular channels and promote healing. 


Clinical/Surgical Pearls 

1. An appropriate preoperative workup should be performed 
to rule out mechanical axis malalignment and ligamentous 
instability. 

2. Understand the sizing protocol for your allograft source 
(radiographs, sizing marker). 

3. Proper patient positioning on a fiat operating room table, 
with a beanbag for the heel to accommodate and maintain 
high knee flexion angles during the case. 

4. Ensure that the cylinder-sizing guide is as perpendicular 
as possible to the lésion to ensure a uniform, cylindrical 9. 
Socket for the donor plug. 


5. Depth of the récipient socket should be 6 to 8 mm to limit 
the amount of subchondral bone, which might be bénéfi¬ 
ciai in reducing the immunologie load from the marrow 
éléments and minimizing the amount of subchondral 
bone that must ultimately incorporate. 

6. Puise lavage of the donor plug after harvest will decrease 
marrow éléments in the subchondral bone. 

7. Additional donor plugs may be placed in a variety of 
configurations. 

8. If the press-fit is not secure, the plug should be fixed with 
a screw (bioabsorbable compression screw) advanced to a 
level just beneath the subchondral plate. 

Copious amounts of saline irrigation should be provided 
during any drilling or cutting. 
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FIGURE 2-Î9. (A) A depth gauge is inserted into the récipient allograft socket to détermine the depth of the Socket at each of four corners 
on the dock face (12-, 3-, 6-, and 9-o'clock positions). (B) A commercially available allograft jig for preparing the osteochondral plug. 



FIGURE 2-20. (A) A completed osteochondral allograft to the fémoral condyle. For added security, a bioabsorbable interférence 
screw has been placed through the center of the plug. (B) Two osteochondral plugs placed in a "snowman" configuration provide 
coverage for a long, narrow defect. 
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Clinical/Surgical Pitfalls 

1. Caution is warrantée! in transplanting osteochondral 
grafts stored longer than 21 to 28 days after harvest due 
to significantly decreased chondrocyte viability. 41,57,58 

2. Poor alignment of the donor plug core-reamer in the allo¬ 
graft holding jig causes suboptimal graft fit or surface 
restoration. 

3. Ensure that the allograft is for the correct patient, correct 
knee, and correct anatomie location (médial or latéral 
condyle, etc.). 

4. Incomplète defect coverage 

5. Failure to remove débris from within the socket or from 
the edges of the récipient socket 

6. Overaggressive impaction of the donor articular surface 
can cause chondrocyte death. 56 

7. Leaving too much subchondral bone (suggested 4 to 
6 mm total of subchondral bone) to decrease marrow élé¬ 
ment burden. 59 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

For ail of the mentioned procedures, early range of motion 
and protected weight bearing are crucial to the eventual suc- 
cess of the procedure. The patient is usually placed in a 
hinged knee brace with motion from 0 to 90 degrees. Ther- 
apy is initiated on postoperative day 1 and stresses range-of- 
motion exercises and isométrie quadriceps strengthening. 
Early emphasis is placed on regaining motion and minimizing 
postoperative effusion. 

Restrictions in weight bearing dépend on the individual 
procedures. For most procedures (except allograft transfer), 
patients will be toe-touch weight bearing for a period of 6 
weeks. If the patient is comfortable and radiographs are sat- 
isfactory, patients may progress to graduai weight bearing 
as tolérated after that time. For patients with osteoarticular 
allografts, weight bearing may be restricted for as much as 
12 weeks, or until there is radiographie evidence of graft 
incorporation. Patients are typically allowed to return to 
sports activities when there is minimal effusion and full range 
of motion and the strength of the quadriceps is 80% of that 
of the contralatéral leg. 

Microfracture 

Postoperative réhabilitation is usually divided into three 
phases. 60 In Phase I, the protection phase, CPM is started 
within the first 24 hours. Réhabilitation regimens are tailored 
to microfracture of patellofemoral lésions versus fémoral 
condyle lésions. In the former, CPM is maintained at 0 to 
30 degrees for 8 hours a day for the first 48 hours and may 
be advanced to 60 degrees depending on the degree of flex¬ 
ion where the patella contacts the trochlea relative to the 
defect location. With fémoral condyle lésions, CPM is 
started at 0 to 30 degrees but then advanced slowly to 0 to 


90 degrees as tolerated. For ail groups, CPM is continued 
for 6 to 8 hours a day for 6 to 8 weeks postoperatively, which 
is believed to facilitate mesenchymal cell différentiation and 
fibrocartilage adhérence to the exposed bone. 60 Most studies 
emphasize strict toe-touch weight bearing for 6 weeks, with 
bracing to protect against flexion while upright. We consider 
early discontinuation of bracing for fémoral condyle lésions 
as patients typically are able to protect the lésion through 
protected weight bearing. For patellofemoral lésions, we 
allow patients to weight bear as tolerated as long as the brace 
remains locked in extension. In cases where the lésion is at 
the non-weight-bearing région of the condyle, earlier weight 
bearing is allowed. Closed kinetic chain exercise on the sta- 
tionary bike with minimal résistance may be initiated as early 
as 2 weeks postoperatively. 

Phase II, the load progression phase, is usually initiated 
at the 4- to 6-week time-point. Weight-bearing activity is 
gradually advanced at a rate of 20% per week for fémoral 
condyle lésions. Recent research in a primate model sug- 
gests that repair tissue at 6 weeks is prématuré, noting 
mature tissue only at the 12-week mark. 61 This may justify 
an even more conservative return to weight-bearing activity. 
Fimited-arc open kinetic chain exercises are allowed under 
close supervision. In patients with patellofemoral lésions, 
the brace is unlocked to the same degree of flexion imple- 
mented during CPM and the brace can be discarded at 
about 6 weeks postoperatively. Notably, patients with patel¬ 
lofemoral lésions continue to bear weight as tolerated in the 
brace as they progress through phase II of the réhabilitation 
protocol. 

Phase III, the return to activity phase, usually is initiated 
by 16 weeks in the absence of pain or effusion. Impact activ¬ 
ity is gradually advanced in conjunction with sport-specific 
skill training generally no sooner than 5 to 6 months postop¬ 
eratively. Pivoting and jumping activities are avoided until at 
least 6 months postoperatively, when strength and proprio- 
ception hâve been shown to reach near symmetrical levels 
with the contralatéral knee. 14,15 

Autologous Chondrocyte Implantation 

Réhabilitation is typically divided into four phases. CPM is 
not initiated for 8 hours postoperatively to allow for early 
cell adhérence under the periosteal patch. Phase I of therapy 
is the protection phase and lasts for 6 weeks. The patients are 
placed in a range-of-motion brace locked in 0 degrees 
extension during upright activity. A total of 2 weeks of 
non-weight bearing is followed by 4 more weeks of toe- 
touch weight bearing and full weight bearing by 6 weeks. 
CPM is instituted 8 to 12 hours per day, up to 90 degrees 
for the first 2 weeks, then up to 120 degrees by 6 weeks. 
Hamstring and calf stretching is instituted early, with 
isométrie contraction of the quadriceps and hamstrings, 
including straight-leg raises. 

Phase II is the transition phase, which is from 6 to 12 
weeks and emphasizes muscular control and full range of 
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motion. The brace is discontinued at 6 to 8 weeks, along 
with the crutches. A strengthening program is commenced. 
Phase III is the maturation phase and allows the graft to fully 
integrate and mature. Nonimpact aérobic exercises and 
strengthening are emphasized. Phase IV is the functional 
activity phase with return to sport between 26 and 52 weeks, 
with longer time required for high-impact activities. In gen¬ 
eral, after 3 months, functional training and strengthening 
are continued. Contact and pivoting sports are delayed until 
8 months postoperative. Some studies show full maturation 
of ACI to take up to 18 months. 10,18,20,21,62,63 

Osteochondral Autograft Transfer 

The réhabilitation strategy for OATS varies among surgeons. 
Most advise strict non-weight bearing for at least 6 weeks, 
followed by toe-touch weight bearing for 2 to 4 weeks. Pas¬ 
sive and active range of motion is encouraged, and some 
authors use CPM in the early postoperative period. 20,54 
Many surgeons allow immédiate partial weight bearing for 
contained and stable defects with full weight bearing allowed 
by 4 to 6 weeks. Strengthening is progressed much as with 
the other two procedures previously described. 

Osteochondral Allograft 

Patients are placed in a range of motion brace and crutches 
and instructed on restricted weight bearing (toe touch) for 
6 weeks. This protects the cartilage surface and minimizes 
the chance of subchondral loading and collapse during the 
healing period. During this period, use of CPM is recom- 
mended for 6 to 8 hours per day. Return to low-impact 
sporting activities is delayed until 4 to 6 months, and patients 
are encouraged to not résumé répétitive impact sports, but if 
they choose to do so, they should wait at least 12 months 
postoperatively. 20 

OUTCOMES/RESULTS FOR TECHNIQUE 

There are numerous reports in the literature demonstrating 
success with ail the procedures listed here. However, few of 
these reports include randomized controlled trials. A review 
of the cartilage repair literature 64 revealed that only 4 of 61 
studies were randomized controlled trials and had a level- 
of-evidence rating of I. As such, it is difficult to compare 
the results between the different methods and controversy 
remains as to which is the best treatment method. 

Microfracture 

Multiple studies hâve demonstrated good to excellent 
medium-term outcomes in 67% to 95% of patients with 
focal, high-grade cartilage lésions treated with the microfrac¬ 
ture technique. 8,12,1 ^ 17,65,66 Steadman et al. 15 followed 71 
knees in patients under 45 years of âge with isolated chondral 
lésions for an average of 11.3 years and found significant 


improvement in both Lysholm and Tegner scores that did 
not décliné over time. Mithoefer et al. 12 reported 67% good 
to excellent results in 48 patients with isolated traumatic 
chondral defects, with significant improvements in Interna¬ 
tional Knee Documentation Committee (IKDC) scores and 
physical component of the Short Form (SF)-36. These 
results, however, declined after 2 years in 69% of patients. 
In addition, patients with body mass index of greater than 
30 kg/m 2 were found to hâve inferior results, as did patients 
with duration of symptoms longer than 12 months. 

Several studies hâve reported on microfracture outcome 
in the athletic population. In a subset of 25 National Football 
League players, Steadman et al. 14 found 76% of patients were 
able to return to play football the following season. The aver¬ 
age Lysholm knee scores in that sériés improved from 52 to 90 
postoperatively, and those who returned played an average of 
4.6 seasons. In a case sériés of 32 athlètes who regularly parti- 
cipated in high-impact, pivoting sports, Mithoefer et al. 67 
found good to excellent results in 66% of the athlètes at 2- 
year foliow-up. However, deteriorating scores were found in 
47% of the athlètes after initial improvement and only 44% 
were able to return to high-impact, pivoting sports. Variables 
associated with successful return to sport were âge less than 
40 years, lésion size less than 20 mm 2 , preoperative symptoms 
lasting less than 12 months, and no prior surgeries of the 
involved knee. Other studies hâve reported similar rates of 
return to sports in athlètes after microfracture. 66 

Studies hâve used advances in MRI to characterize the 
“fill grade” of the repair site, showing a clear corrélation 
between higher functional outcome scores and higher fill 
grade. 12 The investigators noted incomplète filling in ail 
chondral lésions postmicrofracture, but patients with a 
fill volume of at least two thirds had significant pain relief 
and improved function. Persistent peripheral gaps between 
native and repair cartilage were reported in 92% of the 
patients, which was attributed to existing théories of 
micro-motion between tissue planes. Osseous overgrowth 
of subchondral bone was seen in 25% of the lésions and 
was shown to be associated with a thinner corresponding 
layer of fibrocartilage repair tissue. 

Multiple studies hâve confirmed several independent 
variables associated with poor outcomes after microfracture. 
Increased body mass index (>30 kg/m 2 ) was correlated with 
poor functional outcome. 12,48 This occurs secondary to 
increased contact and shear stresses conveyed to the repair 
tissue in these individuals. Patients beyond 40 years of âge 
hâve lower functional outcome scores and decreased rates 
of return to sport. 12,15,48,66,67 This finding is consistent with 
outcome analyses of other cartilage repair strategies and may 
hâve more to do with the increased cellularity and biologie 
activity of tissues in younger patients. Preoperative duration 
of symptoms longer than 12 months has been shown to dra- 
matically decrease outcome scores and return to 
sport. 12,15,48,66,67 Older lésions are likely associated with 
more generalized degenerative changes and more trauma- 
tized cartilage at the periphery of the defects. Finally, lésions 
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of 4 cm 2 and greater hâve been associated with diminished 
pain relief and function after microfracture, likely due to 
inadéquate recontouring, adhérence, and fill of repair 
tissue. 16 

Knutsen et al. 16 compared the results of ACI with micro- 
fracture, randomizing 40 patients to each group. While both 
groups demonstrated significant improvement from preopera- 
tive scores, the improvement in SF-36 scores was significantly 
better in the microfracture group. The authors found that 
younger and more active patients did better in both groups. 
Biopsy specimen showed no significant différence in histologie 
analysis between the two groups. There was one failure in the 
micro fracture group and two failures in the ACI group. 

Autologous Chondrocyte Implantation 

The results of ACI were initially reported by Brittberg et al., 35 
with good or excellent results seen in 14 of 16 patients with 
distal fémur lésions and only two of seven patients with patel- 
lar lésions. Second-look biopsies were performed in 15 
patients with fémoral lésions and seven patients with patellar 
lésions, revealing “hyaline-like” cartilage in 11 and one speci¬ 
men, respectively. Peterson et al. 10 reported on the first 101 
patients undergoing ACI with 2- to 9-year follow-up. The 
authors reported 92% good to excellent clinical results in 
patients with isolated fémoral condyle lésions but only 67% 
good to excellent clinical results in patients with multiple 
lésions. In the same sériés, 89% of patients with OCD lésions 
also had good to excellent results. Histologie analysis of 37 
biopsy specimens obtained showed a corrélation between hya- 
line-like repair tissue and results of the procedure. 

ACI has the potential to recreate the normal articular 
structure by régénérating hyaline cartilage. Current surgical 
techniques create a layered repair of the defect. Brittberg 
et al. 21 identified a fibrous surface from periosteal remnants, 
which transitions to an implanted and periosteal-derived 
hyaline layer on a bony base. The de-differentiated cells used 
in ACI undergo chondrogenesis in micro-mass culture, 
expressing collagen II and aggrecan. 68 At a mean of 22.1 
months after implantation, biopsy samples of 55 patients 
demonstrated hyaline cartilage in 24%, hyaline-like tissue 
in 20%, and mixed hyaline/fibrocartilage in 22%. 62 Similarly, 
another study identified hyaline cartilage in 8 of 12 biopsy 
samples at second-look arthroscopy with these sections hav- 
ing stiffness measurements greater than 90% of normal carti¬ 
lage values. In these cases, the hyaline fill was homogeneous, 
staining positively for aggrecan, cartilage oligomeric matrix 
protein, and type II collagen. 10 

On the other hand, Sharma et al. 69 identified altered 
biochemical composition including a twofold réduction in 
chondroitin sulfate and keratin sulfate with an increase in 
hyaluronan. Additionally, one recent study examining biopsy 
specimens obtained from ACI procedures revealed that while 
ACI demonstrated a complété, mechanically stable resurfa- 
cing of the defect, the tissue contained primarily fibrocarti- 
lage with areas of hyaline cartilage detected close to the 
subchondral bone. 63 


Bentley et al.’s 70 randomized trial comparing ACI to 
mosaicplasty indicated a significantly higher percentage 
(88% versus 69%) of good to excellent results after ACI. 
This trial scored significantly lower in terms of methodology 
than the other randomized trials 64 and was subsequently cri- 
ticized for the unorthodox réhabilitation protocol used for 
the OAT group and for the large mean size of the resurfaced 
lésion (a size that tended to be larger than that for which the 
OAT technique is known to be effective). 34,71 

A randomized comparison with microfracture demon¬ 
strated satisfactory results in three-quarters of subjects with 
no significant différence between treatments. 16 Repair of 
patellar defects, although still an off-label use in the United 
States, is becoming more frequent with recent positive out- 
come reports. Niemeyer et al. 72 report normal or nearly nor¬ 
mal clinical results via the International Cartilage Research 
Society criteria in 67%, with better outcomes associated with 
isolated lésions to the latéral patellar facet. 

Although positive clinical outcomes hâve been tracked 
out to 9 years, failure rates of up to 20% hâve also been 
reported. Wood et al. 25 identified graft failure, délamination, 
and tissue hypertrophy as the most frequent modes of failure 
and adverse events reported to the U.S. Food and Drug 
Administration within an eight-year window. Henderson 
et al. 73 observed partial periosteal patch detachment in 80% 
of the patients who underwent reoperation for ongoing pain 
or mechanical symptoms. Periosteal patch detachment 
results in a painful catching or grinding sensation but is alle- 
viated with arthroscopic debridement. 

Osteochondral Autograft Transfer 

The most extensive case-series and outcomes analysis of 
mosaicplasty OAT is that of Hangody and Fuies, 9 who 
reported 10-year follow-up on more than 800 patients with 
92% good to excellent results in the treatment of fémoral 
condyle lésions, 87% with the treatment of tibial lésions, 
and 79% with the treatment of lésions of the patellofemoral 
joint. They noted slightly diminished results for trochlear 
and tibial plateau lésions, and a 3% overall incidence of 
donor-site morbidity. Their low incidence of donor-site mor- 
bidity helped to allay popular concerns with regard to this 
aspect of the mosaicplasty technique. Other sériés hâve 
reported similar findings, with good to excellent results rang- 
ing from 83% to 96%. 24 ’ 66 ’ 70 

One study explored the use of this technique for the 
treatment of unstable OCD lésions. 37 Results in 20 patients 
demonstrated normal IKDC scores at 18-month follow-up, 
with improvement in pain scores on visual analog scale from 
8.3 of 10 preoperatively to 0 at 1 year. MRI évaluation of the 
lésions showed healing of the bony part of the lésions in ail 
knees at 6 months and continuous cartilage healing at 9 
months. 

In a prospective, randomized study comparing mosaic¬ 
plasty OAT to microfracture, both outcomes and histologie 
évaluation were superior in the OAT group. 66 In a compara¬ 
tive study between mosaicplasty OAT and autologous 
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chondrocyte implantation, the authors reported superior his- 
tology and Lysholm scores in the OAT group versus that 
ACI group at early follow-up. 63 Biopsy analysis demon- 
strated that the ACI specimens were composed mainly of 
fibrocartilage, while the OAT implants retained their hyaline 
structure. There was, however, a persistent gap at the inter¬ 
face between the implants and the native cartilage. 63 

Animal studies hâve underscored the importance of pré¬ 
cisé mosaicplasty technique. Slight graft-length mismatch 
has been shown to increase shear rates and fissuring. 7 Even 
when there is no mismatch, considérable cartilage détériora¬ 
tion and chondrocyte death hâve been described at the 
periphery of the récipient sites. 74 

Osteochondral Allograft Transfer 

There hâve been several reports looking at results of allograft 
transplantation. Ghazavi et al. 29 reported on 126 knees in 
123 patients treated with osteochondral allograft to recon- 
struct post-traumatic defects at an average of 7.5 years. The 
authors rated their results as successful in 85% of the knees 
and identifîed factors related to failures as âge older than 
50 years, bipolar defects, malaligned knees, and Worker’s 
Compensation cases. They also found that collapse of the 
graft of greater than 3 mm and of the articular surface of 
greater than 50% were more often seen in radiographs of 
failed grafts. Convery et al. 55 performed a monoarticular 
transfer in 61 knees at an average of 55 months, with defects 
measuring a average surface area of 7.9 cm 2 , and found 86% 
of these to be successful. The authors stated inferior results 
with bipolar lésions (53%). Gortz and Bugbee 32 performed 
an osteoarticular allograft transfer in 43 patients, with a 
mean defect size of 5.88 cm 2 . Eighty-eight percent of the 
procedures were considered successful with improvement in 
knee scores at an average of 4.5 years postoperatively. 

Survivorship at 5 years is between 80% and 
95%. 29,39,40,42,43 The efficacy in OCD has also been demon- 
strated, with 94% of patients remaining asymptomatic at 
3.5 years. 40 In another OCD clinical study, 66 patients were 
followed for 7.7 years, and the authors found 72% with 
good/excellent results with a 15% révision surgery rate. 41 

In a large trial, Bugbee 38,39 reported on 211 knees at 
over 4 years—fémoral grafts had a 93% success rate (116 
of 125); patellofemoral grafts, 76% success rate (35 of 46); 
and bipolar lésions (tibiofemoral), only a 65% success rate 
(26 of 40). McCulloch and colleagues 42 reported on 25 
patients who underwent transplant, with mean âge of 35 
years, followed for nearly 3 years. A total of 84% reported 
satisfaction with their graft, and 88% of the transplants were 
radiographically incorporated into the bone. Long-term 
durability and histologie incorporation of the grafts hâve 
been well documented. 58 In the salvage situation, total knee 
arthroplasty after fresh osteochondral allograft may be asso- 
ciated with a higher initial révision rate but does not appear 
to be technically more demanding. 75 Fresh allografts placed 
in the patellofemoral joint hâve also been described with 
reasonably good success. 76 


SUMMARY/CONCLUSION 

Optimal results in surgical treatment are dépendent on the 
location, careful adhérence to patient sélection criteria, and 
the use of proper surgical technique. Patients must be care- 
fully evaluated, and most should undergo a trial of nonoper- 
ative management before operative intervention. The lésion 
itself must be carefully evaluated, with the judicious use of 
radiography and advanced imaging to evaluate not only the 
lésion itself but also the milieu around the lésion. Other 
pathology such as malalignment and ligamentous or meniscal 
injury must be addressed either before or at the same time as 
the cartilage lésion. 

Surgical treatments of articular cartilage lésions hâve 
sparked great interest among orthopédie surgeons over the 
past 20 years. There hâve been many new techniques devel- 
oped for the treatment of these lésions. While spécifie tech¬ 
niques may démonstrate an advantage with some lésions, 
current literature does not clearly delineate one technique 
as superior to another. It is important that further study of 
these, in the form of well-controlled trials, be undertaken. 

FUTURE CONSIDERATIONS 

Current research in cartilage restoration seeks to apply the 
evolving principles of molecular biology and genetic tissue 
engineering to yield repair tissue with biomechanical proper- 
ties that more closely replicate those of native hyaline carti¬ 
lage. Bovine models using biologie matrices implanted at 
the time of microfracture, with and without autologous 
chondrocytes, hâve demonstrated improved cellularity and 
hyaline content of the repair tissue. 20,50,77 It is likely that 
next-generation cartilage repair techniques will harness the 
benefits of microfracture and provide a simple low-cost 
adjunct through application at the time as the procedure is 
performed (i.e., biphasic scaffolds, growth factors, etc.). 
Growth factors may hâve significant implications in the 
treatment of cartilage lésions in the future. Many of these 
factors hâve been shown to affect chondrocyte metabolism 
and chondrogenesis. Local treatment of chondral lésions 
with these factors in combination with artificial matrices 
has the potential to not only repair but also restore the artic¬ 
ular surface, especially in knees with normal alignment and 
isolated lésions. Despite the promise of this approach, clini¬ 
cal application of growth factors is still years away. 

Future investigations may examine the combined use of 
microfracture and mosaicplasty to improve cartilage fill at 
the periphery of the récipient holes. 20 Other advances in 
molecular and tissue engineering, as in collagen scaffolds, 
may yield superior restoration and a more complété fill con- 
sisting of durable, hyaline-like repair tissue. 

These concepts of molecular biology and tissue engi¬ 
neering are merging with cutting-edge materials science to 
provide additional options to treat cartilage defects. Partial 
resurfacing implants hâve been approved for use in the 
shoulder, and clinical trials for their use in the knee joint 
are under way. One such implant (HemiCAP; Arthrosurface, 
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FIGURE 2-2Î, (A) Intraoperative view of a large cartilage lésion of the fémoral condyle treated with resurfacing. (B) A guide wire is placed 
centrally in the defect parallel to the lésion. (C) A reamer is used to core out the defect and a taper post is placed centrally in the lésion, into 
which will eventually fit the articular implant. (D) The implant is impacted in place into the taper post. 


Boston, MA) has shown early promise when used for isolated 
fémoral condyle defect (Fig. 2-21). 

The future of biologie knee cartilage replacement surgery 
is promising, and the science behind the harvesting, prépara¬ 
tion, and surgical techniques for fresh chondral resurfacing 
continues to evolve. Additional adjuncts, such as chondral- 
specific growth factors, are being developed to help with graft 
incorporation and potentially preserve the donor hyaline carti¬ 
lage. In addition, materials science is providing new hope for 
resurfacing procedures for primary and révision cases of chon¬ 
dral injury. More research is needed on both existing technol- 
ogy and future developments to détermine the best potential 
treatment for injuries of the articular cartilage. 
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SUGGESTED READING 

Alford JW, Cole BJ: Cartilage restoration, Part 1: Basic science, histori- 
cal perspective, patient évaluation, and treatment options. Am J 
Sports Med 33:295-306, 2005. 

In this review ofthe basic principles of cartilage restoration, the authors 
review the basic anatomy and function of articular cartilage, mechan- 
isms of injury and repair, the historical prospective ofthe available treat¬ 
ment options, and the proper évaluation of patients with chondral 
injuries. 
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Alford JW, Cote BJ: Cartilage restoration, Part 2: Techniques, outcomes, 
and future directions. Am J Sports Med 33:443-460, 2005. 

In Part 2 of this instructional sériés on cartilage restoration , the authors 
review the indications and contraindications ofeach ofthe currently avail- 
ahle procedures and give a detailed description of each technique. They 
then review the outcomes of these procedures as descrihed in the current 
literature and discuss spécifie complex cases in terms of which procedure 
is best suited. 

Buckwalter JA, Mankin HJ: Articular cartilage: Degeneration and osteo- 
arthritis, repair, régénération, and transplantation. Instr Course 
Lect 47:487-504, 1998. 

This instructional course lecture provides an overview of articular carti¬ 
lage pathology including focal lésions and generalized age-related wear. 
It reviews the common available procedures for repair, régénération , and 
transplantation of articular cartilage defects and the clinical outcomes of 
these procedures. 

Buckwalter J, Amendola A, Clark C: Articular cartilage and meniscus: 
Biology, biomechanics, and healing response. In Scott WN (ed): 
Insall and Scott, Surgery of the Knee. Philadelphia, Elsevier, 
2006, pp 307-316. 

This is a chapter from the popular book Surgery of the Knee , which 
reviews the basic science of articular cartilage and the menisci ofthe knee. 
It discusses the anatomy , histology , and biomechanics and how these relate 
to the ability of these structures to heal. 

Mankin HMV, Buckwalter J, Iannott J, Ratcliffe A: Articular cartilage 
structure, composition, and function. In Buckwalter J, Simon S 
(eds): Orthopaedic Basic Science—Biology and Biomechanics 
of the Musculoskeletal System. Rosemont, IL, American Academy 
of Orthopaedic Surgeons, 2000, pp 443-470. 

This is a true basic science chapter that provides in-depth information 
regarding articular cartilage structure and function. It provides an impor¬ 
tant background understanding that must be fully appreciated before con- 
sidering surgical treatment of injury. 
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Distal Fémoral Osteotomy for Genu Valgum 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The goals of osteotomy about the knee are to improve lower extremity alignment, relieve pain, and possibly slow down 
the progression of arthritis. Osteotomy attempts to alter the forces transmitted across the knee joint to potentially decrease asymmetrical joint 
wear leading to progressive degenerative joint disease. Distal fémoral osteotomy (DFO) is a nonartificial surgical alternative in the treatment of 
disabling knee arthritis in the young, active patient with latéral tibiofemoral arthrosis. 

IMPORTANT POINTS: 

Indications for distal fémoral osteotomy include 

1. Latéral compartiment tibiofemoral arthrosis 

2. Valgus deformity (>12 degrees of vargus) 

3. Young, active patient 

Contraindications for distal fémoral osteotomy include 

1. Rheumatoid arthritis (inflammatory arthropathies) 

2. Ligamentous instability 

3. Poor range of motion (<90 degrees) 

4. Large flexion contractures (> 15 degrees) 

CLINICAL/SURGICAL PEARLS: 

1. Preoperative planning is central to surgical technique. 

2. Fluoroscopy is used to détermine alignment throughout the procedure. 

3. Preoperatively, a foil template can be constructed to guide the osteotomy. 

4. An extensile midline incision is used with a subvastus exposure to the fémur. 

5. An AO blade plate is used. 

6. Intraoperatively, three Steinmann pins are used to approximate the level of osteotomy and guide placement of the blade plate. 

7. To approximate alignment, the Bovie cord is passed from center of fémoral head to the center of the ankle intraoperatively. 

8. Fluoroscopy of the knee should show the Bovie cord traversing approximately at the junction between the médial or most latéral third of the 
médial compartiment and the central third of the médial compartiment. 

9. During fixation, the blade should be directed from somewhat anteromedial to somewhat postérolatéral, allowing it to sit better on the médial 
fémoral condyle. 

CLINICAL/SURGICAL PITFALLS: 

1. To minimize risk to the fémoral vessels, approximately 1 cm of muscle cuff on the fascia is left close to the fémur. 

2. The Steinmann pins are to be placed from médial to latéral and drilled ail the way through the latéral cortex. 

3. During wedge resection, especially when making the second eut, thought must be given to preventing the weight of the leg from inadvertently 
cracking through residual thin latéral cortex—this can be avoided by the assistant supporting the knee. 

4. To prevent laxity of the latéral structures, during wedge resection, the saw is not advanced quite ail the way across laterally, but rather the 
osteotomy is completed with a sharp osteotome. 

5. During application of the blade plate, the surgeon should not overcompress as this may lead to a change in the angulation and may also lead 
to the blade plate pulling through the bone proximally. 

6. During blade plate application, the surgeon must ensure that proper rotation of the limb has been maintained. 

VIDEO AVAILABLE: 

Not available. 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

The goals of osteotomy about the knee are to improve lower 
extremity alignment, relieve pain, and possibly slow down 
the progression of arthritis. Osteotomy attempts to alter 
the forces transmitted across the knee joint to potentially 
decrease the asymmetrical joint wear, leading to progressive 
degenerative joint disease. 1 Osteoarthritis of the knee is a 
common medical condition. In 2001, more than 13.5 million 
American adults reported having knee joint pain, swelling, 
and stiffness. Among those with osteoarthritis of the knee, 
almost half are older than 65 years. 3 Osteoarthritis affects 
1% of men and 0.9% of women aged 55 to 64 years and 
2% of men and 6.6% of women aged 65 to 74 years. 4-12 

Numerous published studies in the literature hâve docu- 
mented the success of total knee arthroplasty (TKA) for the 
treatment of osteoarthritis of the knee. 13-17 Unicompartmen- 
tal knee arthroplasty is an increasingly popular alternative to 
both total knee replacement (TKR) and osteotomy; however, 
patient outcomes following unicompartmental knee arthro¬ 
plasty hâve been inconsistent. 18 Currently, the exact indica¬ 
tions for unicompartmental knee replacement remain 
debatable. TKA has become the major surgical treatment 
for osteoarthritis in the United States today. A 2005 publica¬ 
tion about hip and knee arthroplasty in the United Sates 
revealed primary TKAs increased in frequency from 
129,000 in 1990 to 381,000 in 2002, about four times the 
increase in prevalence of total hip arthroplasty. 2 

Despite the success of TKR, problems with the proce¬ 
dure do exist. Failures due to technical error, wear, loosen- 
ing, and infection hâve not yet been eliminated. The overall 
rate of révision TKAs continues to rise and has been esti- 
mated at 5.4 procedures per 100,000 persons per decade. 2 
Révision TKR, while more frequent and more successful 
now than décades ago, remains a large undertaking. Success 
does not approach that of primary knee replacement and 
complications are more frequent. 

Meanwhile, life expectancy continues to climb and 
patients are increasingly reluctant to live with disabling 
arthritic knee pain, leading to larger numbers of patients 
with more remaining years of life seeking surgical treatment 
for osteoarthritis of the knee. At a time when TKR continues 
to demonstrate finite survivorship, there remains a rôle for a 
nonartificial surgical alternative in the treatment of disabling 
knee arthritis. 

Pathophysiology of Osteoarthritis 

The pathophysiology of osteoarthritis is multifactorial. 
There are many predisposing factors that may lead to arthri¬ 
tis of the knee, including previous trauma, prior menisec- 
tomy, the cruciate-deficient knee, ligamentous laxity, 
charcot arthropathy, and other metabolic disorders (goût, 
pseudo-gout, Wilson’s disease, hemochromatosis). However, 
it is commonly believed that osteoarthritis of the knee is pri- 
marily a mechanical issue. 19 Malalignment of the lower 


extremity can place abnormal stresses on articular cartilage, 
which leads to biochemical alterations of the cartilage. 20 

The cartilage matrix loses its ability to form proteogly- 
cans, and the synovium of the knee becomes hypertrophied 
and inflamed. The cartilage of the arthritic knee has 
increased water content, decreased proteoglycan content, 
and decreased number of chondrocytes and a variation in 
the collagen network, which ultimately results in the dégra¬ 
dation of the material properties of the articular cartilage. 20 

The idea that correction of malalignment can stop or 
slow this pathologie process flows naturally from this under- 
standing of the pathophysiology of osteoarthritis. Osteotomy 
about the knee may also alleviate symptoms associated with 
osteoarthritis by other means, including relief of intraosseous 
venous hypertension 21 and decreased stresses on the sub- 
chondral bone and possible microfractures therein. 11,22 

Normal Alignment 

The mechanical axis of the lower extremity is defined as a line 
passing from the center of the fémoral head to the center 
of the knee to the center of the ankle (Fig. 3-1). In general, 
it is agreed that this line should pass through the center of 
the knee in a normal individual. 23 There are several studies 
that hâve found an average of 1.3 degrees of varus to the 
lower extremity, which leads to 60% of the load being trans¬ 
mitted through the médial compartment of the knee during 
weight bearing. 2 " 1-26 

The distal fémoral joint line is in 3 degrees of valgus rel¬ 
ative to the mechanical axis and the proximal tibial joint line 
is in 3 degrees of varus. As a conséquence, the transverse axis 
of the knee lies at an angle of 3 degrees from the perpendic- 
ular, which allows for the knee joint to be parallel to the 
ground during gait. 1,23 

INDICATIONS/CONTRAINDICATIONS 

Genu valgum is much less common than genu varum. Predis¬ 
posing conditions to valgus deformity include post-traumatic 
arthritis, rheumatoid arthritis, rickets, rénal osteodystrophy, 
overcorrected high tibial valgus osteotomy, and infantile 
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polio. 1 In the valgus knee, the latéral soft-tissue structures are 
tight, and there is varying degrees of médial laxity and latéral 
fémoral condyle hypoplasia. 27 Treatment may include nonop- 
erative management (nonsteroidal anti-inflammatory drugs, 
braces, steroid injections, viscosupplementation, and activity 
modification), osteotomy, unicompartmental knee arthro- 
plasty, and TKA. 1 

TKA has a more predictable course in terms of initial 
pain relief and longer durability than does knee osteotomy 
However, there are concerns regarding the suitability of arti- 
ficial joints in younger and more active patients specifically 
in regard to problems with loosening, osteolysis, and the 
need for multiple future révisions. 1 

Indications for distal fémoral osteotomy include latéral 
compartment tibiofemoral arthosis with valgus deformity in 
a young, active patient. Patients who hâve inflammatory States 
such as rheumatoid arthritis and crystalline arthropathy are 
usually considered poor candidates for knee osteotomy. There 
are also concerns involving decreased range of motion, flexion 
contracture, and ligamentous instability, which need to be 
assessed preoperatively. 1 

It is generally agreed that the preferred site of osteotomy 
for genu valgus deformity greater than 12 degrees of valgus is 
the distal fémur. 3 The idéal target for postoperative mechanical 
axis varies somewhat in the literature. The case has been made 
for a 0-degree tibiofemoral angle. 4 Phillips and Krackow 1 aim 
for 4 degrees of mechanical axis varus. Morrey and Edgerton 7 
recommended a final mechanical axis that passes slightly 
médial to the middle of the médial tibial plateau. 

SURGICAL TECHNIQUE 

The patient is positioned supine on the operating table, 
with folded sheets rolled under the buttock of the operative 
side (Fig. 3-2). An image intensification fluoroscope is 
brought in and tested so that one is confident that the hip 
and also the knee can be seen without any interférence 
from the table. We use fluoroscopie assessment of the 
Bovie cord passing from the center of the fémoral head to 
the center of the ankle and check where that crosses the 
knee to ensure alignment. A tourniquet is used, but it is 
used as a stérile tourniquet. The draping basically goes 
from the groin on down so that as much of the extremity 
as possible is visually apparent and the general appearance 
of alignment can be assessed. 

The foil template, used as described later, can be made 
ahead of time and sterilized, or it can be made on the table. 
The template is made from one side of the foil envelope 
in which most surgical knife blades are packaged. A Steel 
Zimmer goniometer can be set to the osteotomy angle 
and the foil bent along the edges of that goniometer so that 
the surgeon can eut out and angle a template equal to the 
angle of the correction. 

The surgeon stands to the patient’s opposite side—that 
is, the left side for a right distal fémoral osteotomy. After 
routine préparation and draping of the patient, a stérile tour¬ 
niquet is placed and inflated after exsanguination of the limb. 
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FIGURE 3-2. Surgical technique. 

A nearly midline, relatively long incision is then made. It is 
basically a TKR incision extending at least distally to the 
level of the tibial tubercle. This length is not absolutely nec- 
essary, but it does facilitate easier retraction and better 
appréciation of bony landmarks. The precapsular plane is 
developed over the knee itself in the médial aspect. This 
development allows the surgeon to know exactly where he 
or she is with regard to placement of the blade and provides 
good confidence that the blade will be in the appropriate 
bone and not exiting anywhere inappropriately. The knee 
joint specifically is not opened. 

The deep fascia proximal to the patella is incised over 
the quadriceps tendon and retracted peripherally, medially, 
and posteriorly as the vastus medialis is separated from this 
fascia and retracted anteriorly and laterally. This is basically 
a subvas tus exposure. When as much of the vastus medialis 
as possible has been “shelled-out” of this fascial envelope, a 
Bovie cord is used to divide the muscle at the inferior proxi¬ 
mal aspect, leaving approximately 1 cm of muscle euff on the 
fascia, close to the fémur. This technique minimizes the risk 
of injury to the fémoral vessels. 

The vastus medialis is initially retracted with sharp, rel¬ 
atively shallow, rake retractors or small Myerdings. After 
enough of the médial fémoral metaphysis and diaphysis hâve 
been exposed, a longitudinal médial incision into the perios- 
teum is made and, with very careful subperiosteal dissection 
anteriorly and posteriorly at the level of the osteotomy, 
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the surgeon is then able to place subperiosteal retractors. 
We typically use malléable retractors 1 cm in width, espe- 
cially anteriorly, and perhaps a narrow dull-tipped Hohman 
retractor posteriorly. 

The posterior subperiosteal dissection is carried just 
cephalad to the proximal margin of the fémoral condyles 
and above the origins of the gastrocnemius. This dissec¬ 
tion, plus the palpation of the end of the fémur deep to 
the capsule with the knee bent, is the key element that 
ensures the surgeon of the appropriate level for osteotomy 
and blade plate placement. Next, the entry point is esti- 
mated for the blade plate. This entry is just anterior to 
the origin of the médial collateral ligament and basically 
central in a proximal-distal direction with regard to the 
médial fémoral condyle. In the anteroposterior dimension, 
the entry point is relatively anterior, so that the blade will 
lie along the shaft. After marking the entry point with cau- 
tery, the surgeon can measure back to the osteotomy level 
(i.e., the distance to the distal eut). The step-off on an 
AO blade plate is about 2 cm. The eut can actually be 
2.5 cm to 2.75 cm from the entry point of the blade. The 
goal is to maximize the amount of bone between the under- 
surface of the blade and the osteotomy. 

Having marked the entry point for the seating chisel and 
the level for the distal osteotomy, it is now possible to esti- 
mate the location of the proximal osteotomy and then to 
place the first alignment pin, referred to as pin No. 1. This 
^-inch Steinmann pin is placed perpendicular to the shaft of 
the fémur, approximately 1.5 to 2 cm proximal to the antici- 
pated level of the proximal osteotomy. This pin will be used 
to guide the osteotomy (i.e., the proximal osteotomy), ensur- 
ing that the osteotomy is perpendicular to the shaft of the 
fémur. The pin will also be compared with what is described 
la ter as pin No. 3, ensuring that when pin No. 1 and pin 
No. 3 are parallel, the angular correction has been obtained. 
(Note: When placing ail pins, go completely through the 
latéral cortex.) 

Pin No. 2 is placed at the indicated level of the distal 
osteotomy. The angle between pin No. 2 and pin No. 1 is 
the one chosen for the osteotomy. This angular relationship 
is established by using the médial goniometer, which has 
been locked in the position of the desired correction. The 
goniometer is held by an assistant so that it is parallel to 
pin No. 1, and with eyeball alignment pin No. 2 is placed 
parallel to the other limb of the goniometer. We find this 
freehand technique more reliable than using drill guides. 
Drill guides capture the tail end of a Steinmann pin but do not 
secure the point that enters the bone. Typical wandering of 
the pin points as they attempt to enter the bone can lead to 
errors of placement of the pins when the drill guide is removed. 

A third pin is placed about 1 cm proximal and anterior 
to pin No. 2. This position is chosen so as to be out of the 
way of the seating chisel entry points and the ultimate pre- 
dicted blade plate position. Pin No. 3 is parallel to pin No. 2. 

Pins No. 1 and No. 3 will be used as guides for the saw 
blade. Again, when the osteotomy is closed, they should be 
parallel. This position ensures maintenance of rotation, 


assuming that the pins were put in neutral rotation to the 
bone and to one another. Also, their parallelism ensures that 
the angular correction was as planned. 

Pin No. 1 is removed. It should be emphasized that each 
of these Steinmann pins—No. 1, No. 2, and No. 3—is 
drilled from médial to latéral and indeed is drilled ail the 
way through the latéral cortex. This point, which will 
become important later, is also important now, as hole No. 
2 is used to measure the thickness of the bone at the level 
of the distal eut using a standard large AO depth gauge. 
We relocate the plate and seating chisel entry point and place 
the seating chisel at the entry point parallel to pin No. 3 as 
seen from anterior to posterior. The seating chisel is 
impacted 2 to 3 cm and is then removed. 

An important feature of this particular technique is that 
the seating chisel is not used to select the final definitive 
position of the blade plate but mainly, or only, the entry 
point. The blade plate will be placed later almost as one 
would place a staple. This feature of the technique makes it 
much easier to align the blade plate accurately to the more 
proximal shaft. An adequately sized piece of distal bone 
ensures that this technique can be used without questioning 
the safety of the blade. In other words, it differs from a hip 
osteotomy in that there is a big distal target. 

After the seating chisel is removed, the previously 
marked distal osteotomy level (i.e., the location occupied by 
pin No. 2) is identified. This location can be adjusted before 
starting the distal eut if the seating chisel has changed the 
expected position. Before starting the distal osteotomy, its 
location should be clearly drawn on the bone with a skin 
marking pen or with a cautery. It is usually mad in a straight 
anteroposterior line, that is, a line that appears perpendicular 
to the shaft of the fémur. After drawing a distal osteotomy 
line and having measured the thickness of the bone with a 
standard depth gauge used through the holes for pin No. 2, 
the foil template is eut corresponding to the thickness of 
the bone. 

What we refer to as the “tail end” of the template is used 
to mark the starting point for the level of the proximal eut, 
which is parallel to pin No. 1. The piece of foil eut away 
should be a triangle congruent to the wedge of bone to be 
resected. When looking from anterior to posterior at the 
resected bone wedge, it should represent a triangle congru¬ 
ent to the resected apex angle of the foil. 

Before starting the distal osteotomy, pin No. 3 is in place 
and pins No. 1 and No. 2 are removed. When starting the 
distal osteotomy and, later, when starting the proximal eut 
as well, the saw is used to eut into the peripheral cortex along 
the line drawn, taking care to etch that line but with less 
attention to having the saw blade parallel to the guide pin, 
pin No. 3. After the saw has etched the drawn eut line, the 
blade is adjusted to be parallel to guide pin No. 3 and the 
saw eut is undertaken. Protecting retractors should be in 
place, and we usually place a sponge between the posterior 
retractor and the soft tissues. In addition to trying to effect 
adéquate protection of the soft tissues, care is also taken to 
attempt not to strip more periosteum than is necessary, 
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ideally nothing more than the periosteum covering the 
resection wedge. The distal eut is made approximately j to 
| of the way across the fémur. 

In the case of a large extremity, during wedge resection, 
especially when making the second eut, thought must be given 
to preventing the weight of the leg from inadvertently crack- 
ing through residual thin latéral cortex. This problem can be 
avoided by having an assistant support the knee. Although 
the overall position is one of knee flexion with hip external 
rotation, it is still possible to support the latéral knee to keep 
gravity from completing the osteotomy in a way that typically 
leads to a proximally directed spike on the distal fragment. 

After the distal osteotomy has been completed to the 
desired distance, pin No. 3 is removed. A ^-inch pin is then 
placed into the holes made for pin No. 1. This sélection pro¬ 
vides accurate alignment of the pin and instant ease of place¬ 
ment through both bone holes. When starting the proximal 
eut, care is taken again simply to etch the osteotomy without 
making certain that the saw blade is parallel to the pin. After 
the osteotomy has been etched, the saw blade is made paral¬ 
lel to pin No. 1. 

After beginning to etch the proximal eut, the tail end of 
the foil template is brought up to the bone to ascertain that 
the distance between the distal eut and the proximal eut is 
as planned. In using the tail end of the foil template to check 
the width of the base of the wedge, it is important, as shown 
in the diagram, to keep the proximal and distal edges of this 
part of the template parallel to the respective pins. 

After most of the proximal eut has been made, the sur¬ 
geon returns alternatively to the distal and back to the proxi¬ 
mal osteotomy to complété the wedge resection. It is 
important to realize that if a saw blade is taken ail of the 
way across the bone and through the latéral cortex, the width 
of the saw blade itself, the kerf, will create a small latéral 
defect and laxity of the soft tissues. Therefore, the saw blade 
is not advanced qui te ail the way across; rather, the 
ostoeotmy is completed with a sharp osteotome. The osteot¬ 
omy is then opened a bit and the saw blade is passed along to 
smooth off the residual bone without creating a latéral kerf. 

Great care must be taken to create fiat surfaces that 
reduce nicely. During trial closure or osteotomy réduction, 
pins No. 1 and No. 3 are in place. Care is taken to trim 
the bone and adjust the fît so that the surfaces will be parallel 
when the osteotomy is well closed. Once the surgeon is con¬ 
fident of this position, an oblique |-inch Steinmann pin is 
passed from posteriorly in the distal fragment in a proximal 
latéral direction to temporarily stabilize the osteotomy. The 
knee can be extended, the hip internally rotated somewhat, 
and the extremity basically put back into a neutral position. 
The fluoroscope is brought in and the overall alignment is 
checked with the image and the Bovie cord. The Bovie cord 
is pulled taut in position over the center of the fémoral head 
and is visually positioned over the center of the ankle. Then 
the fluoroscope is brought over the knee, taking care that the 
rotation of the C-arm is neutral to the anteroposterior axis of 
the knee. The point of traverse of the Bovie cord is visua- 
lized. The goal is to hâve it traverse approximately 30% to 


40% of the way between the midpoint of the distal fémur 
and the médial edge of the radial fémoral condyle. This tra¬ 
verse point approximates the junction between the médial or 
most latéral third of the médial compartment and the central 
third of the médial compartment. 

When réduction and alignment hâve been assured, the 
offset at the osteotomy is inspected. Judging from the 
measured thickness of the bone taken with the depth gauge 
through hole No. 2, as well as the radiograph, the length of 
the blade can be selected. Thus, both parameters for the 
blade plate, namely blade length and offset, are provided. 

The blade plate, grasped with the spécifie plate-holding 
instrument, is placed into the previously made seating chisel 
spot and is adjusted so that the side plate is directed to its proper 
position along the shaft of the fémur. In general, the blade 
should be directed from somewhat anteromedial to somewhat 
postérolatéral, allowing it to sit better on the médial fémoral 
condyle. If the side plate position is not correct, extract the plate 
and redirect it slightly. Because the médial bone is relatively soft, 
this is not difficult to do. This is the point at which we hâve 
made blade plating more analogous to staple placement and 
hâve eliminated a lot of the problems associated with use of a 
fully impacted seating chisel. It is generally not necessary to 
use a plate clamp such as a Verbrug. 

Some decision must be made about the amount of com¬ 
pression to be applied. It is important to note two things: 
(1) overcompression can lead to a change in the angulation, 
and (2) overcompression of a step-off arrangement can actu- 
ally lead to the blade plate’s breaking the bone (i.e., pulling 
through proximally). Note that it is permissible to medialize 
the shaft slightly, if that is necessary for fitting the best 
selected blade plate. 

Care should be taken before definitive blade plate place¬ 
ment to palpate posteriorly and anteriorly to ensure that 
rotation has been maintained and that no troublesome step- 
offs exist. Imaging and the fluoroscope can be used to follow 
any particular step, but this is rarely necessary once the sur¬ 
geon has become confident about the location of the blade 
and is able to feel and see the direction of the osteotomy 
itself. The wound is closed routinely with suction drainage. 1 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

Following surgery, we typically wrap the leg in a bulky cot- 
ton Jones dressing and Ace wraps and apply an adjustable 
knee immobilizer. Deep venous thrombosis prophylaxis and 
pain management are routine and the same as those used 
for TKA patients. Patients are usually up the same day or 
the next morning. Therapists instruct the patients in crutch 
walking and toe-touch weight bearing on the operative leg. 
Discharge is to home. Follow-up as an outpatient is every 
2 weeks with radiographs of the knee. We begin motion at 
2 weeks. At 6 weeks, the immobilizer is discontinued 
completely and weight bearing is progressed to full. Slight 
modifications may be necessary on an individual basis in 
response to variable healing times. 
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OUTCOMES/RESULTS FOR TECHNIQUE 

In 1988, Healy et al. 5 reported 93% good or excellent results 
4 years after distal fémoral varus osteotomy. Similarly, 
McDermott et al. 4 examined 24 patients, again with average 
of 4-year follow-up, and found good results in 92 % of patients. 
At an average of 8.3-year follow-up (range, 5 to 11 years) in 24 
patients, Edgerton et al. 6 revealed good to excellent results in 
71 % of patients with 13 % révision to TKA at latest follow- 
up. A 2003 study examined TKA following distal fémoral 
osteotomy and concluded that the procedure is technically 
more demanding in terms of preoperative planning than is 
standard TKR, with 7 of 11 patients reporting good or excel¬ 
lent results. 7 However, previous authors noted successful con¬ 
version to TKA, without many of the problems that exist in 
TKR after proximal tibial osteotomy. 4,5,8-11 

SUMMARY/CONCLUSIONS 

Despite the increasing popularity of TKA, there remains a 
rôle for distal fémoral varus osteotomy in the treatment of 
osteoarthritis of the knee. Knee arthroplasty should not be 
considered a panacea in the treatment of knee arthritis. 
In general, the young, active individual with osteoarthritis, 
valgus deformity, good range of motion, and reasonable pain 
tolérance and expectations remains the best candidate for 
distal fémoral varus osteotomy, and good results can be 
expected in this patient population. 
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Principles of Correction for 
Monocompartmental Arthritis of the Knee 


Dror Paley 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Monocompartmental arthritis of the knee is one of the most common indications for deformity correction surgery. 

In gait laboratories, it has been proved that the predicted load on the médial compartiment is related to alignment of the lower extremity. In the 
normally aligned knee, approximately 75% of the load passes through the médial compartiment of the knee during single-leg stance. When the 
mechanical axis is shifted 4 degrees, the load becomes symmetric between the médial and latéral compartiments (50% each). When the 
mechanical is shifted 6 degrees, 75% of the load now passes through the latéral compartiment. Most surgeons suggest that an osteotomy should 
move the knee into 2 to 6 degrees of mechanical valgus for optimal clinical outcome. 1-3 

IMPORTANT POINTS: 

Indications 

1. Monocompartmental arthritis of the knee 
Contraindications 

1. Relative contraindications to the Coventry osteotomy include latéral collateral ligament instability, latéral subluxation, médial plateau dépréssion, 
knee flexion less than 90 degrees, knee flexion contracture greater than 10 degrees, latéral compartiment arthrosis, advanced âge, and obesity. * 1 2 3 4 5 6 

Classification 

1. This is based on the type of deformity présent and commonly includes a combination of two or more deformities. 

2. Classification is divided into bone deformity (varus, valgus, recurvatum, procurvatum, torsion, limb length discrepancy) and joint deformity (lat¬ 
éral collateral ligament laxity, médial collateral ligament laxity, plateau dépréssion, latéral subluxation, patellar maltracking, flexion contracture). 

Surgical Technique 

1. Customized osteotomy allows an "â la carte" approach to each individual patient and designs the osteotomy technique to specifically address 
the deformity or deformities présent. 

CLINICAL/SURGICAL PEARLS: 

1. Customize osteotomy for the deformity or deformities présent. 

2. For closing wedge ostéotomies at the Coventry level, include the tuberosity with the proximal segment to preserve the distance from the tuber- 
osity to the joint. 

3. Tighten a lax médial collateral ligament by performing opening wedge osteotomy proximal to the tuberosity. 

4. Perform ostéotomies distal to the tuberosity in combination with latéral translation. 

5. Notchplasty and osteophyte resection can be helpful in cases of fixed flexion deformity. 

6. In cases of cruciate deficiency, sagittal plane alteration is more easily and more reliably altered by osteotomy below the tuberosity. 

CLINICAL/SURGICAL PITFALLS: 

1. Forgetting to consider the center of rotation of angulation can negatively affect outcome. 

2. Use care to preserve the periosteum for ostéotomies distal to the tuberosity as these are at risk for delayed and nonunion. 

3. Latéral collateral ligament laxity can resuit from a high tibial osteotomy and may cause symptoms if a retensioning procedure is not performed. 

VIDEO AVAILABLE: 

Not available. 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Monocompartmental osteoarthritis of the knee is one of the 
most common indications for deformity correction surgery. 
Because arthrosis is already présent, the goal of treatment is to 
preserve the knee joint and delay the need for total knee replace¬ 
ment (TKR) as long as possible. Although many patients who 
undergo osteotomy never require TKR, the osteotomy must 
be performed with the assumption that each patient must 
remain an optimal TKR candidate. The key to understanding 
monocompartmental arthritis and its treatments lies in the nor¬ 
mal joint biomechanics of the lower extremity. 

Biomechanics 

Static malalignment is readily documented on long standing 
radiographs by measuring the mechanical axis déviation 
(MAD) in the frontal plane. Measurement of joint orienta¬ 
tion angles and joint line convergence identifies the origin 
of the MAD (fémur, tibia, joint line convergence). These 
objective parameters are not always a reliable means of pre- 
dicting outcome after corrective osteotomy. 4-6 Theoretically, 
the moment arm created by the médial location of the 
ground reaction force vector is a better objective parameter 
to détermine médial compartment loading. Unfortunately, 
this vector cannot be readily determined except in a gait lab- 
oratory. Gait studies of the knee hâve shown that the pre- 
dicted load on the médial compartment is related to 
alignment. Hsu et al. 7 reported that the load on the médial 
compartment in a normally aligned knee is approximately 
70%, compared with 30% on the latéral compartment 
(Fig. 4-1). Furthermore, they showed that with an increasing 
varus tibiofemoral angle, the load on the médial 



Valgus Varus 

Tibiofemoral angle (02 - 0i)° 

FIGURE 4-1. The médial plateau force is 70% in single limb stance 
when the mechanical axis passes through the center of the knee in a 
normally aligned knee. It is 95%, with only 6 degrees of mechanical 
tibiofemoral varus and is reduced to 50% with 4 degrees of valgus 
and to 40% with 6 degrees of valgus. ( Reprinted with permission of 
Lippincott Williams & Wilkins from Hsu RW, Himeno S, Coventry MB, Chao EY: 
Normal axial alignment of the lower extremity and load-bearing distribution at the 
knee. Clin Orthop Relat Res 255:215-227, 1990.) 


compartment increased to 100% when the knee was in 6 
degrees of mechanical varus. Based on their model, “valgu- 
sizing” the knee to 4 degrees changes the loading pattern to 
50:50. If the load on the knee were 70% in the normal situa¬ 
tion, everyone would likely hâve médial compartment osteo¬ 
arthritis. However, the model presented by Hsu et al. 7 does 
not factor in joint reaction forces from the surrounding mus¬ 
cles and ligaments. Maquet 8 proposed that the tensor fascia 
lata (TFL) and gluteus maximus equalized the forces around 
the knee through their pull on the iliotibial band, neutraliz- 
ing the adductor moment arm (Fig. 4-2 A). 

Using cadaver and magnetic résonance imaging measure- 
ments, investigators at the Oxford Orthopaedic Engineering 
Center 9,10 developed an anatomy-based mathematical model 
to predict loads transmitted across the knee. This model 
incorpora ted the lines of action and moment arms of the major 
force-bearing structures Crossing the human knee joint, 
including both muscles and ligaments. Theoretical values 
derived from this model replicate the previously published 
experimental measurements presented by Herzog and Read, 11 
which validâtes their model. Including contributions from 
muscles and ligaments, both experimentally measured and 
theoretically calculated forces across the knee are more evenly 
distributed than published results hâve suggested. The différ¬ 
ence between the static single limb standing simulations 7 and 
those that factor in the surrounding muscle forces is mostly 
attributable to the pull on the iliotibial band by the TFL and 
the gluteus maximus muscles. In a well-conditioned person, 
these muscles counter the adduction moment arm on the knee, 
unloading the overloaded médial side and transferring that 
load to the latéral side. As one gets older (older than 35 years) 
and naturally loses muscle mass and strength, the protection 
afforded the médial compartment by these muscles is dimin- 
ished and lost (Fig. 4-2 B,C). The loss of protein can precipitate 
the progressive détérioration of the médial compartment that 
most commonly occurs in people older than 40 years, which 
has led us to prescribe gluteus maximus and TFL strengthen- 
ing exercises to treat early médial compartment osteoarthritis 
(e.g., 45-degree oblique straight limb-raising exercises). 
Therefore, in persons older than 40 years, the static model 
presented by Hsu et al. 7 becomes représentative of the clinical 
situation. 

The dynamic loads that occur during walking and other 
weight-bearing activities of daily living hâve been difficult to 
accurately détermine. Important issues regarding the dynam- 
ics of knee malalignment hâve been reviewed in detail by 
Andriacchi. 4 The normal forces that act on the lower extrem¬ 
ity during gait produce moments tending to flex, extend, 
abduct, and adduct the knee. These are the primary factors 
influencing the distribution of médial and latéral loads across 
the knee. The ground reaction force acting at the foot during 
the stance phase of gait passes médial to the center of the 
knee. The perpendicular distance from the line of action of 
this force to the center of the knee is the length of the lever 
arm for this force. The product of the magnitude of the force 
and the length of the lever arm results in an adduction 
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FIGURE 4-2. A, Static analysis predicts 70% of the load will pass through the médial compartiment in a normally aligned knee. Dynamic analysis 
factors in the pull of a strong tensor fascia lata (TFL) and predicts equal balance of the load through the médial and latéral compartiments. 

B, When genu varum is présent, the load on the médial side is predicted to be 90%, but if TFL dynamic pull is présent, it is reduced to 50:50. 

C, When latéral collateral ligament (LCL) laxity is présent, a médial thrust results, especially if the TFL is weak. If a strong TFL is présent, it can 
reduce the médial compartment forces. GRV, ground reaction vector. [A, Reprinted with permission from Mont MA f Stuchin SA Paley D, étal: Different surgical 
options for monocompartmental osteoarthritis of the knee: High tibial osteotomy versus unicompartmental knee arthroplasty versus total knee arthroplasty: indications, 
techniques, results, and controversies. In Helfet DL, Greene WB (eds): Instructional Course Lectures 53. Rosemont, IL, American Academy of Orthopaedic Surgeons, 2004, 
pp 265-283. B, C, Copyright 2007 Rubin Institute for Advanced Orthopedics.] 


moment acting on the knee. This adduction moment during 
gait is an external load tending to thrust the knee into varus; 
it is also known as a latéral thrust. 5,6 

The external forces and moments acting on the lower 
extremity can be measured directly in a gait laboratory. 


The internai forces acting through muscles, through liga¬ 
ments, and on joint surfaces are of greater interest but can 
only be estimated based on the external forces and moments 
measured. 4,12,13 Mechanical equilibrium mandates that exter¬ 
nal forces acting on the limb must be balanced by internai 
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forces générated by muscles and ligaments. Prédiction of 
internai forces is extremely complicated because of the many 
combinations of muscle and soft tissue forces that can bal¬ 
ance the external forces and moments acting on the limb. 
Solving this problem requires several simplifying assump- 
tions, the most basic of which is to group internai structures 
together. Analysis of the relationship between external loads 
and internai forces under these assumptions allows estima¬ 
tion of the magnitude of the joint reaction force acting 
across either the médial or latéral compartment indepen- 
dently. The distribution of the médial and latéral joint reac¬ 
tion forces shows that the adduction moment is the primary 
factor producing the higher médial joint reaction force dur- 
ing normal function. For a group of normal participants, 
the maximum joint reaction force across the knee is approx- 
imately 3.2 times the body weight, with 70% of the load 
passing through the médial compartment. The average 
maximum magnitude of the adduction moment during nor¬ 
mal gait for this population has been calculated as approxi- 
mately 3.3% of the product of body weight and height. 4 
This adduction moment is greater than the moments calcu¬ 
lated for either flexion or extension of the knee in the same 
study group. 

Some patients modify their gait, effectively reducing the 
load on the médial compartment of the knee. The adaptive 
mechanism used reduces the adduction moment and has been 
related to a shorter stride length and an increase in external 
rotation of the foot (toe-out position) during stance phase. 4-6 
The toe-out position places the hindfoot doser to the midline, 
beneath the center of gravity. This simply moves the ground 
reaction vector toward the center of the knee, effectively 
reducing the lever arm of the external ground reaction force 
and therefore the resulting adduction moment. Patients are 
considered to hâve high adduction moments if the calculated 
moment exceeds 4% of the product of body weight and height 
when walking at speeds of approximately 1 meter per second. 

The clinical outcome after treatment of patients with 
varus gonarthrosis by valgus high tibial realignment osteot- 
omy has been closely related to the magnitude of the adduc¬ 
tion moment measured during preoperative gait analysis. 4-6 
Patients who had low preoperative adduction moments had 
better clinical results initially, and the results were sustained 
during a mean follow-up period of 6 years. The valgus cor¬ 
rection was maintained with follow-up in 79% of the low 
adduction moment group compared with only 20% of the 
high adduction moment group. 

Load transmission across the knee can effectively be 
altered by adjusting the location of the center of gravity. This 
dynamic compensation involves either the use of external 
support or gait modification. Shifting the upper body center 
of mass to a position directly over the involved limb can 
decrease the médial compartment force by 50% compared 
with its value when the center of gravity is positioned in 
the midline. 7 Clinical evidence has already established the 
importance of gait alteration and its relationship to results 
after corrective high tibial osteotomy (HTO). Patients with 
the best clinical outcomes are able to modify their gait, 


externally rotating the limb and developing a lower adduc¬ 
tion moment at the knee. 

Joint laxity is a further confounding variable to consider 
when determining the risk of developing osteoarthritis sec- 
ondary to malalignment (see Fig. 4-2 C). Sharma et al. 14 
reported that ligament laxity can précédé the development 
of osteoarthritis. Ligament laxity can resuit in dynamic mala¬ 
lignment during gait, with associated changes in loading pat¬ 
terns across the knee. Collateral ligament laxity can increase 
the risk of gonarthrosis and cyclically contribute to progres¬ 
sion of the disease. Latéral collateral ligament (LCL) laxity 
typically is associated with varus malalignment and, when 
superimposed, might hâve a synergistic effect. The TFL 
can protect the knee from overload caused by LCL laxity. 
Again, this protection is gradually lost or overwhelmed with 
increasing âge, deconditioning, and deformity. 

Historical Background 

The concept of using HTO to treat monocompartmental os¬ 
teoarthritis is credited to Jackson and Waugh, 1 who presented 
a report of eight procedures in 1961. The authors performed 
an osteotomy distal to the tibial tuberosity; both closing wedge 
and concave distal dôme ostéotomies were described. Difficul- 
ties with bone healing in the subtuberosity région led Coven- 
try, 2 in 1965, to présent a report about closing wedge 
osteotomy proximal to the tuberosity through cancellous bone. 
Maquet 8 presented a report of a concave distal dôme osteot¬ 
omy. The Maquet osteotomy was designed to take advantage 
of the rapid metaphyseal bone healing of the région above the 
tuberosity and to add an element of adjustability. 

The common goal for ail the HTO procedures was to 
shift the mechanical axis from the médial compartment 
to the latéral compartment. Although it is impractical to 
completely unload the médial compartment, the goal of 
HTO is to reduce the load on the médial compartment. In 
the normally aligned knee (2 degrees of tibiofemoral 
mechanical varus), the médial compartment has been esti- 
mated to take 75% of the load during single limb stance. 
When the mechanical axis passes through the center of the 
knee, the médial compartment bears 70% of the load. When 
the mechanical axis is moved into 4 degrees of valgus, the 
load is 50% médial and 50% latéral. When the mechanical 
axis is moved into 6 degrees of valgus, the load is 40% médial 
and 60% latéral (see Fig. 4-1). Most authors recommend 
that for treatment of monocompartmental osteoarthritis, 
the mechanical alignment of the lower limb should be moved 
into 2 to 6 degrees of mechanical valgus. 2 ’ 3 ’ 15 ’ 16 Hernigou 
et al. 15 showed that the best results were with 3 to 6 degrees 
of mechanical valgus and that results deteriorated when the 
mechanical valgus was more than 6 degrees. Fujisawa et al. 3 
recommended that the mechanical axis pass between 30% 
and 40% latéral to the center of the tibial spines. This dis¬ 
tance has been termed the Fujisawa point (Fig. 4-3). Jacobi 
and Jakob 16 modified the overcorrection recommendation 
made by Fujisawa et al. 3 based on the amount of cartilage 
space remaining on the médial side. 
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FIGURE 4-3. Fujisawa et al. 3 divided the médial and latéral plateaus 
by the percentage of distance from the center of the knee. The médial 
and latéral edges of the médial and latéral plateaus were considered 
to be 100%, and the center of the knee was considered to be 0%. 
The best results from high tibial osteotomy (HTO) were obtained 
when the mechanical axis line of the limb passed through the 30°/o- 
to-40% latéral plateau région. We call this the Fujisawa point. ( From 
Paley D: Principles of Deformity Correction. Berlin, Springer-Verlag, 2005.) 


The Coventry procedure has become the “knee-jerk” 
response to monocompartmental osteoarthritis. Conversions 
of previous Coventry ostéotomies to TKR hâve been asso- 
ciated with poor results. 17-19 Numerous factors contribute 
to greater technical difficulty and possibly poorer results of 
TKR after Coventry osteotomy. Because bone is resected 
proximal to the tibial tuberosity, the tuberosity moves doser 
to the knee joint line. After the osteotomy, the patella might 
ride proximally, creating a pseudo-patella alta. It is a 
“pseudo-alta” because in cases of true patella alta, the patellar 
tendon is abnormally long, whereas in this case, it is of nor¬ 
mal length. Alternatively, the patella might not be able to 
ride proximally because of the tethering retinaculum. The 
patellar tendon scars down and contracts, especially if the 
knee is splinted in extension after the osteotomy. This leads 
to a pseudo-patella baja according to the Insall ratio. 20 Again, 
this is a “pseudo-baja” because the tibial tuberosity-to 
tuberosity-patellar distance decreases, although the level of 
the patella to the fémur remains the same. After TKR in 
the case of patella alta, the thickness of the tibial prosthesis 
restores the level of the tibial tuberosity and thereby pulls 
the patella down to the normal level by means of the con- 
tracted shortened patellar tendon. Eversion of the patella 
for exposure is more difficult with pseudo-patella baja. 
Bone resection with the wedge based laterally leads to 
truncation of the proximal tibia. This leaves the latéral and 


posterior tibial plateau thin and unsupported. This scénario 
can make seating a large central or a peripheral tibial compo- 
nent peg problematic. 

The valgus deformity resulting from the overcorrection 
created during osteotomy can also make TKR more difficult 
and might require greater bone resection. Soft tissue consid¬ 
érations, such as previous incision, previous peroneal nerve 
palsy, ligamentous laxity secondary to the osteotomy, and 
flexion deformity of the knee, ail make TKR more difficult 
and complication-prone after previous Coventry HTO. 

INDICATIONS/CONTRAINDICATIONS 

Monocompartmental osteoarthritis of the knee is one of 
the most common indications for deformity correction 
surgery. 

There are numerous relative contraindications for the 
Coventry osteotomy, including LCL instability, latéral sub- 
luxation, médial plateau dépréssion, knee flexion less than 
90 degrees, knee flexion contracture greater than 10 degrees, 
latéral compartment arthrosis, advanced âge, and obesity. 20 
These limitations might apply to the Coventry HTO but 
not to HTO in general. A customized approach to HTO 
can address many of these circumstances. 

CLASSIFICATION SYSTEM 

The deformities associated with monocompartmental osteo¬ 
arthritis can be subdivided into bone deformities and joint 
(soft tissue) deformities. 

Bone Deformities of Fémur and/or Tibia 

• Varus 

• Valgus 

• Recurvatum 

• Procurvatum 

• Torsion 

• Limb length discrepancy 

Joint Deformities 

• LCL laxity 

Médial collateral ligament (MCL) laxity 

• Plateau dépréssion 

• Latéral subluxation 

• Patellar maltracking 

• Llexion contracture 

Bone and joint deformities rarely occur in isolation. Com¬ 
mon combinations include varus deformity plus fixed flexion 
deformity, varus deformity plus MCL pseudolaxity, varus 
deformity plus anterior cruciate ligament (ACL) or LCL 
laxity, varus deformity plus latéral subluxation, and varus 
deformity plus rotational deformity. 
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SURGICAL TECHNIQUE 

Customized HTO is a concept of approaching each case with 
an “a la carte” treatment plan to customize the procedure to 
the correction of the spécifie deformity represented. 21 Recom- 
mended types of osteotomy and fixation for the various 
possible deformities are discussed in detail later. 

Varus Deformity Only 

The level of osteotomy for the proximal tibia can be proxi¬ 
mal or distal to the tuberosity. When performing the osteot¬ 
omy, the level of the center of rotation of angulation (CORA) 
should be considered. The CORA is almost always at the 
level of the joint or just distal to the joint. Therefore, if the 
osteotomy is made proximal to the tuberosity, it requires 
only angulation. If the osteotomy is made distal to the tuber¬ 
osity, it requires angulation and translation. 22 Proximal to 
the tuberosity, a closing wedge osteotomy narrows the dis¬ 
tance between the joint line and the tibial tuberosity, making 
future TKR more difficult. To preserve the distance from the 
tuberosity to the joint while still performing a closing wedge 
osteotomy at the Coventry level, the osteotomy can include 


the tuberosity with the proximal segment. 2 Opening wedge 
osteotomy proximal to the tuberosity tightens the MCL, 
which often has pseudolaxity from loss of médial joint space 
cartilage. An opening wedge osteotomy requires either bone 
graft for acute corrections or graduai distraction by an exter- 
nal fixator for bone régénération. Hernigou et al. 15 published 
a very large sériés with a transverse médial opening wedge 
osteotomy. Franco et al. 23 modified this osteotomy, starting 
more distal on the médial side and ending just proximal to 
the head of the fibula, leaving the latéral cortex intact. Their 
opening wedge step plate supported the base of the osteot¬ 
omy only as long as the latéral cortex remained intact. 
Staubli et al. 24 modified the osteotomy of Franco et al. 23 
and developed a médial opening wedge locking plate for 
fixation. Jacobi and Jakob 16 also reported on the technique 
of Staubli et al. 24 Franco et al. 23 recommends bone grafting 
the defect if the base of the wedge is more than 10 mm, 
whereas Staubli et al. 24 almost never graft the defect. With 
a locking plate, one need be less concerned regard- 
ing maintaining the integrity of the latéral cortex because 
of the fixed angle relationship of the screws to the 
plate (Fig. 4-4). Ostéotomies distal to the tuberosity need 
to be performed in combination with latéral translation 



FIGURE 4-4. A, Genu varum with no loss of cartilage. No deformity is présent in the sagittal plane. B, Intraoperative image 
intensifier views of the ankle, hip, and knee before the osteotomy. Using a grid, the mechanical axis déviation (MAD) can be 
determined intraoperatively. 





FIGURE 4-4 cont'd. C, The Puddu type of osteotomy 24 is performed and wedged open with a Puddu wedge until 
MAD = 0. D, The osteotomy can be stably fixed with a médial locking plate. 
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FIGURE 4-4 cont'd. E, Final radiographs after healing of bilateral médial opening 
wedge ostéotomies. LDFA, latéral distal fémoral angle; LDTA, latéral distal tibial angle. 

(Copyright 2007 Rubin Institute for Advanced Orthopedics.) 


because they are far from the CORA (Figs. 4-5 and 4-6). 
This applies equally to both opening and closing wedge 
ostéotomies. Because of the poorer healing potential of this 
région, it is essential to preserve the periosteum and prefera- 
bly perform the osteotomy with a minimally invasive 
approach. Bony contact at the osteotomy site is greater 
than for an opening wedge osteotomy because translation 
inserts the corner of the proximal segment into the 
medullary canal of the distal segment. Dôme osteotomy is 
also an angulation-translation correction. The Maquet dôme 
osteotomy consisted of concave distal rotation around an axis 
in the center of the circular eut distal to the CORA. The 
Maquet dôme therefore créâtes a médial translation deformity. 
Paley et al. 21 and Paley 22 described the focal dôme osteotomy 
(Fig. 4-7) with which the center of the circular eut is “focused” 
on the CORA. This concave distal dôme osteotomy translates 
in the same direction as the straight angulation-translation 
osteotomy and is distal to the tuberosity. 

Varus Deformity Plus Fixed Flexion Deformity 

The most common complaint with médial compartment 
osteoarthritis (MCOA) is not médial pain but rather ante- 
rior knee pain, which is caused by anterior impingement 


and fixed flexion deformity (FFD) of the knee. FFD is much 
more common than is realized and might be the primary 
cause of failure of realignment surgery. The définition of 
FFD is radiologie and not clinical. Small degrees of FFD 
can be missed clinically but are easily quantified radio- 
graphically. The key is the latéral view radiograph of the 
knee in maximum extension. Normally, the anterior cortical 
line of the distal fémur and proximal tibia are collinear with 
each other during full extension of the knee. Normally, 
they might be in up to 5 degrees of hyperextension to each 
other but might not be in any flexion. Therefore, 5 degrees 
of FFD measured radiographically is significant. Various 
factors contribute to FFD. The posterior distal fémoral 
angle (PDFA) and the posterior proximal tibial angle 
(PPTA) should be measured to détermine the presence of 
any sagittal malorientation of the knee joint from the distal 
fémur or proximal tibia, respectively. Anterior tibial and 
fémoral osteophytes can block full extension. A cyclops 
lésion from the stump of an ACL or osteophytes of the 
tibial spines and fémoral notch also can limit extension. 
FFD is an indication for arthroscopy combined with the 
osteotomy. Notchplasty and osteophyte assessment and 
resection are helpful. Extension of the proximal tibial 
plateau to a maximum PDFA of 90 degrees should be 
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FIGURE 4-5. Angulation-translation osteotomy below the tuberosity. 
The translation is a resuit of rotation around the center of rotation of 
angulation (CORA), which is at a more proximal level. ( From Paley D: 
Principles of Deformity Correction. Berlin, Springer-Verlag, 2005.) 

considered to treat the FFD (Fig. 4-8). Greater degrees of 
flexion can be corrected by a distal fémoral extension 
osteotomy. Varus associated with procurvatum deformity 
treated by opening wedge osteotomy can be treated proxi¬ 
mal or distal to the tuberosity; when treated by closing 
wedge osteotomy, it should be treated distal to the tuberos¬ 
ity to avoid narrowing the distance between the patellar 
tendon insertion and the joint line. 

Varus Deformity Plus Médial Collateral 
Ligament Pseudolaxity 

The MCL can be lax or contracted from loss of cartilage 
or bone on the médial side. Valgus stress radiographs differ- 
entiate between lax and contracted MCL. In the case of a 
contracted MCL, it is important that the osteotomy does 
not further stretch the MCL because that would apply pres¬ 
sure to the médial side of the joint. In the case of a lax MCL, 
the osteotomy can be used to retension the MCL. If the 
MCL is not retensioned, residual knee instability can remain 
and the patient might complain of a “wobbly feeling” in 
the knee, which produces lack of confidence in the knee even 
in the absence of pain. Several methods to retension the 
MCL were discussed earlier and are illustrated. An alterna¬ 
tive is to perform a hemiplateau élévation to tighten the 


ligamentous laxity, considering the laxity is caused by cartilage 
and bone substance loss on the médial side (see Fig. 4-6). 

Varus Deformity Plus Latéral Collateral 
Ligament Laxity 

LCL laxity commonly is associated with médial compart¬ 
imentai osteoarthritis and varus deformity. LCL laxity likely 
occurs secondary to chronic stretch in a varus knee. LCL lax¬ 
ity is not corrected by valgus realignment of the tibia or 
fémur unless the realignment is excessive. LCL tightening 
can be performed independent of the type of tibial osteot¬ 
omy. Graduai transport of the proximal fibula distally with 
an oblique osteotomy will retension the LCL. 21,22,25 Reten- 
sioning the LCL can be performed acutely by taking down 
the proximal tibiofibular joint and advancing and fixing the 
head of the fibula distally 2 (Fig. 4-9). Coventry recognized 
the importance of this procedure and performed advance- 
ment of the LCL with the hamstring tendon routinely along 
with his closing wedge osteotomy. 26 

LCL laxity can resuit from an HTO, even if it was not 
présent preoperatively, if the proximal tibiofibular joint is 
released or resected in combination with any type of valgusiz- 
ing osteotomy. This is especially true when combined with a 
Coventry closing wedge osteotomy. 27 Symptomatic cases that 
hâve been treated this way can be salvaged by retensioning the 
LCL by “distalizing” the head of the fibula (see Fig. 4-9). 

Varus Deformity Plus Anterior Cruciate 
Ligament Deficiency 

The normal plateau of the tibia has a 10-degree posterior tilt 
(PPTA — 80 degrees). During single limb stance, maximum 
loading of the knee is in 20 degrees of flexion when the plateau 
is parallel to the ground and when the quadriceps joint reac¬ 
tion force is greatest. The latter produces an anterior drawer 
on the tibia, subluxing it forward with each step. If the plateau 
of the tibia were in recurvatum when the knee is maximally 
loaded, the fémur would tend to move forward on the tibia, 
countering any ACL insufficiency. In veterinary medicine, 
the treatment of ACL insufficiency in a dog is an extension 
osteotomy. 28 In the treatment of MCO A in combination with 
ACL insufficiency, the proximal tibia should be extended to 
eliminate the posterior tilt (PPTA = 90 degrees) in combina¬ 
tion with the valgusizing osteotomy. Although this can be 
achieved with a médial opening wedge osteotomy above the 
tuberosity, it is more difficult at that level to angle the osteot¬ 
omy in the sagittal plane because of the intact latéral bony 
hinge. It is easier and more reliable, controlled, and accurate 
to alter sagittal alignment below the tuberosity (Fig. 4-10). 

Varus Deformity Plus Latéral Subluxation 
and Médial Plateau Dépréssion 

Latéral subluxation in the absence of severe bone loss of 
the médial tibial plateau can be treated by retensioning the 
MCL and LCL together with realignment. 2,25 If no plateau 
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FIGURE 4-6. A, Varus with one-third cartilage loss and monocompartmental osteoarthritis. 
Mechanical axis déviation (MAD) = 40 mm and médial proximal tibial angle (MPTA) = 80 
degrees. B, Treated with angulation-translation osteotomy below the tuberosity and a circular 
external fixator. Corrected to one-third the way to the Fujisawa point. (From Paley D: Principles of 
Deformity Correction. Berlin, Springer-Verlag, 2005.) 
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the tibial shaft. B, Focal dôme osteotomy performs the correction at the 
deformity, keeping the tibial shaft in line with the center of the knee. ( From Paley 
D: Principles of Deformity Correction. Berlin, Springer-Verlag, 2005.) 



FIGURE 4-8. A, Genu varum with médial compartiment osteoarthritis (MCOA) and 10 degrees of fixed 
flexion deformity (FFD) of the knee. The anterior cortical lines of the fémur and tibia are flexed. B, The 
preoperative posterior proximal tibial angle (PPTA) was 75 degrees. The knee was arthroscoped, anterior 
osteophytes resected, and notchplasty performed. The osteotomy was extended to PPTA = 90 degrees. The 
anterior cortical lines are collinear after osteotomy. 


Continued 
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FIGURE 4-8 cont'd. C, The knee is compared before and after osteotomy on the anteroposterior view 
radiograph. Note the médial osteophytes, which were resected through a separate incision. (Copyright 
2007 Rubin Institute for Advanced Orthopedics.) 
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FIGURE 4-9. Left, Latéral collateral ligament (LCL) laxity as a sequela of Coventry osteotomy fixed with a latéral plate. 
The proximal tibiofibular joint was resected according to Insall, and the fibular head migrated proximally and fused 
to the tibia. Right, The arthrodesed proximal tibiofibular joint was osteotomized, and the fibula was transported distally 
acutely and fixed with a screw. (From Paley D: Principles of Deformity Correction. Berlin, Springer-Verlag, 2005.) 


dépréssion is présent, the préférable method of treatment of 
the latéral subluxation is varus osteotomy of the fémur in 
combination with valgus osteotomy of the tibia. 8 

The varus of the fémur will lead to réduction of the lat¬ 
éral subluxation. When latéral subluxation is présent 
together with médial plateau dépréssion, the knee often is 
very unstable. The tibia reduces with valgus stress, indicating 
that it would reduce if the médial joint space were fîlled by 
élévation of the plateau (Figs. 4-11 and 4-12). Elévation of 
the médial plateau is performed from a médial incision 
and fixed with cannulated large-diameter screws from the 
latéral side. The opening wedge space is filled with auto- 
graft, allograft, or bone graft substitute. The best way to 
diagnose the médial plateau dépréssion is to draw a line 
across the médial plateau toward the latéral plateau. If the 
latéral plateau is on the same line, the médial plateau is 
not depressed. If the médial plateau line passes superior to 
the latéral plateau, it is depressed. Elévation leads to immé¬ 
diate stabilization of the joint and can be combined with 
retensioning of the LCL. 

Varus Deformity Plus Rotational Deformity 

Rotational deformity correction can be performed simulta- 
neously with the varus realignment. Rotation of ostéotomies 
proximal to the tuberosity will lead to displacement of the 
patellar tendon insertion, medially with internai rotation 


and laterally with external rotation (Fig. 4-13). If no patellar 
maltracking is présent, the osteotomy should be performed 
distal to the tuberosity. To correct internai tibial torsion 
together with varus, if the osteotomy were performed proxi¬ 
mal to the tuberosity, the tibial tuberosity would displace lat¬ 
erally, producing patellar maltracking. External tibial torsion 
often is associated with a laterally located patellar tendon 
insertion and patellofemoral maltracking. To correct external 
torsion with varus and patellar maltracking, the osteotomy 
should be performed proximal to the tuberosity so that the 
internai rotation correction medializes the patellar tendon 
insertion. Paley 22 described an L-shaped osteotomy to facili- 
tate patellofemoral realignment together with rotation, fron¬ 
tal plane correction, and sagittal plane correction (Figs. 4-14 
and 4-15). In addition to rotation and angulation, this 
osteotomy can be translated in the sagittal and/or frontal 
planes. Translation anteriorly in the sagittal plane unloads 
the patellofemoral joint without producing a bump, as is pro- 
duced with the Maquet procedure. This is because the tuber¬ 
osity remains in the same line as the anterior cortex of the 
tibia. Therefore, patients can kneel without pain. 

SUMMARY/CONCLUSION 

Osteotomy surgery for médial compartment osteoarthritis 
has become less common as unicondylar knee arthroplasty 
and TKR are performed in patients of younger âges and 




\ 



FIGURE 4-ÎO. A, Médial compartment osteoarthritis (MCOA) with varus and anterior cruciate ligament (ACL) deficiency. 
The tibia is permanently subluxed anteriorly on the fémur. B, The deformity was corrected below the tuberosity with 
an external fixator (Taylor spatial frame) in a graduai manner. The correction included extension to posterior proximal 
tibial angle (PPTA) = 90 degrees to compensate for the ACL deficiency. 
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FIGURE 4-ÎO cont'd. C, D, The limb was corrected to the Fujisawa point. The valgus latéral translation and extension are évident. 

(Copyright 2007 Rubin Institute for Advanced Orthopedics.) 
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FIGURE 4-10 cont'd. 



FIGURE 4-11. A, Severed médial compartiment osteoarthritis (MCOA) with varus, anterior cruciate 
ligament (ACL) deficiency, and latéral knee subluxation. Latéral collateral ligament (LCL) laxity 
and médial plateau dépréssion. 













FIGURE 4-T î cont'd. B, Varus stress emphasizes the complété loss of médial joint space and the latéral subluxation in varus. 

C, Valgus stress reduces the knee and shows the médial pseudolaxity. A line drawn across the latéral plateau does not intersect the 
médial plateau, indicating loss of bone substance or dépréssion of the médial side. 
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FIGURE 4-T î cont'd. D, Intraoperative radiographs show the médial hemiplateau osteotomy and élévation with fixation with 7.0-mm 
cannulated screws from the latéral side. The médial plateau is elevated to the level of the latéral plateau. E, To overcorrect the varus, it is 
necessary to perform a second osteotomy below the tuberosity. This osteotomy is used also to extend the knee to posterior proximal 
tibial angle (PPTA) = 90 degrees and anteriorly translate the tibia for the ACL deficiency. This is accomplished with the Taylor Spatial 
Frame (TSF) external fixator. To retension the LCL, the tibia was lengthened and the fibular head transported distally. 
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FIGURE 4-1 î cont'd. F, The final ap and latéral radiographs are shown after the fixators hâve been removed 
and bony union achieved. G, The final clinical resuit is shown with excellent knee range of motion. (Copyright2007 
Rubin Institute for Advanced Orthopedics.) 


for milder cases of arthritis. Osteotomy surgery lost its pop- 
ularity after it was shown that conversion to a total knee 
yielded worse results after previous Conventry osteotomy 
The Conventry closing wedge osteotomy is only one of 
many types of HTO. It addresses only the varus deformity 
and is contraindicated in the presence of flexion, subluxation, 
and bone loss of the médial side. The a la carte approach 
allows treatment of ail the éléments of deformity. It follows 
the principles of knee replacement surgery, of balancing the 
soft tissues and realigning the bones. Based on my expéri¬ 
ence, this approach reliably prolongs the life of the knee for 
10 to 20 years. With such good results achieved with this 
osteotomy, as reported by me and others, it is unclear why 
it is not used more often. 

One of the biggest reasons is économie. Knee replace¬ 
ment surgery is economically driven by both industry and 
the surgeon’s practice. TKR requires less follow-up, and 
most surgeons are well trained and skilled in performing 
arthroplasty. As fewer surgeons perform ostéotomies, fewer 
residents are trained and proficient in their use. Consider- 
ing that we tend to practice what we hâve learned, this 
becomes a self-fulfilling prophecy. Keep in mind that joint 


replacement is akin to joint amputation. The joint is 
removed and replaced by a prosthesis. When this goes well, 
it is one of the wonders of surgery. When it fails or when 
infection occurs, it often is a disaster. Osteotomy surgery 
does not burn bridges, but joint replacement does. It is 
my opinion that osteotomy should be considered more 
often than it currently is, especially for patients younger 
than 60 years. 

In summary, ostéotomies for monocompartmental os- 
teoarthritis hâve to be performed with careful attention to 
both soft tissue and bone deformities. This discussion has 
described an overview of some of the most common scénar¬ 
ios. I think that ostéotomies can be used for almost ail 
patients with monocompartmental osteoarthritis as a first- 
line procedure before unicondylar knee arthroplasty or 
TKR. Osteotomy surgery burns no bridges and, if properly 
performed, can even make future arthroplasty simpler. 
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FIGURE 4-Î2. A, Genu varum with médial collateral pseudolaxity and latéral subluxation. The médial and latéral plateau lines are 
not collinear. B, Médial hemiplateau élévation with screw fixation combined with acute médial opening wedge osteotomy fixed 
with a médial locking plate. 







FIGURE 4-Î2 COnt'd. C, Final union. (Copyright 2007 Rubin Institute 
for Advanced Orthopedics.) 




FIGURE 4-T 3, A, Effect of osteotomy for internai tibial torsion with osteotomy proximal or distal to the tibial 
tuberosity. If the osteotomy is proximal, the tuberosity will be moved laterally, creating maltracking of the patella. 
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FIGURE 4-1 3 cont'd. B, External rotation deformity with 
patellofemoral maltracking. If the osteotomy is made proximal 
to the tuberosity, the patellar tendon will displace medially, 
realigning the patellofemoral mechanism. (From Paley D: Principles 
of Deformity Correction. Berlin, Springer-Verlag, 2005.) 




FIGURE 4-T 4. L-shaped high tibial osteotomy (HTO) for cases of varus 
médial compartiment osteoarthritis (MCOA) with external torsion and 
patellofemoral maltracking. A, The incision allows a latéral release to be 
performed. B, A saw is used to eut in the frontal plane behind the tibial 
tuberosity. 
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FIGURE 4-T 4 cont'd. C, A Gigli saw is used to complété the L-shaped osteotomy below the tuberosity. 
D, The tibia is rotated internally, and the tuberosity displaces medially and anteriorly. E, Fixation with a 
locking plate. The tibia can be displaced anteriorly, as with a Maquet osteotomy, without a resulting anterior 
bump. (Copyright 2007 Rubin Institute for Advanced Orthopedics.) 
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FIGURE 4-Î5. A, Genu varum with external tibial torsion and patellar maltracking. B, Radiographs 
of L-shaped osteotomy with internai fixation in place. (Copyright 2007 Rubin instituts for Advanced 
Orthopedics.) 
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SUGGESTED READINGS 

1. Andriacchi TP: Dynamics of knee malalignment. Orthop Clin 
North Am 25:395-403, 1994. 

This paper provides an excellent overview of the basic biomechanics of the 
lower extremity. It describes the différence between malalignment during 
static postures as well as with load bearing during a normal gait cycle. This 
provides an understanding of the basic principles behind lower extremity 
malalignment and the importance ofits correction. 

2. Coventry MB: Osteotomy of the upper portion of the tibia for 
degenerative arthritis of the knee: A preliminary report. J Bone Joint 
Surg 47:984-990, 1965. 

This classic article describes a closing wedge osteotomy made proximal to the 
tuberosity to prevent some ofthe problems with bony healing that were asso- 
ciated with the original technique. Much ofthe technical aspects described in 
this paper are still considered in modem deformity correction surgery. 

3. Paley D: Principles of Deformity Correction. Rev ed. Berlin, 
Spring-Verlag, 2005. 

This textbook provides a detailed description ofhow to measure and classify 
lower extremity deformities. It provides easy-to-follow information for 
determining the optimal treatment technique for the correction of 
a variety ofcommon deformities. 
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Unicompartmental Knee Arthroplasty 


V. Karthik Jonna Alfred J. Tria, Jr. 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The results of unicondylar knee arthroplasty in the 1980s and 1990s were not very successful and the surgical 
procedure became unpopular in the United States. Repicci reintroduced the procedure with a minimally invasive surgical approach in the early 
1990s. The indications for the surgery hâve been clearly defined and the surgical technique has been significantly changed. Unicondylar knee 
arthroplasty should not be performed as a total knee arthroplasty. Alignment and balancing are different because the surgery is performed on only 
one side of the knee. The knee must not be overcorrected, and flexion and extension balancing must be established without significant ligament 
releases. The slope of the tibial eut and the depth of the distal fémoral resection can be used to adjust the balance. Partial knee arthroplasties are 
again becoming more popular, and unicondylar replacement is one of the significant choices. 

IMPORTANT POINTS: 

1. Indications 

a. History of pain in spécifie location 

b. Physical examination showing site of pain, with correctable deformity 

c. Radiographs showing varus less than 10 degrees, valgus less than 15 degrees, and flexion contracture less than 10 degrees. 

2. Contraindications 

a. Global pain 

b. Global tenderness on physical examination 

c. Radiographie deformity greater than limitations noted earlier 

3. Surgical Technique 

a. Balance knee with bone cuts. 

b. Avoid overcorrection. 

c. Avoid ligament releases or tightening. 

CLINICAL/SURGICAL PEARLS: 

1. Patient sélection is critical for a good resuit. 

2. The idéal knee has the limited deformity that corrects to neutral with stress examination and has an intact anterior cruciate ligament. 

3. The final resuit should hâve 2 mm of laxity in full extension and 90 degrees of flexion. 

CLINICAL/SURGICAL PITFALLS: 

1. It is incorrect to choose the patient by radiographie criteria alone. The radiograph may be satisfactory but the patient may be overweight, or hâve 
global pain, or hâve an inflammatory arthritis that will preclude a good resuit. 

2. The surgery must not overcorrect the knee alignment, and this can readily occur if the spacing is made too tight. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Unicondylar knee arthroplasty (UKA) dates back to the early 
1970s, when Marmor 1,2 developed his replacement for the 
médial aspect of the knee. In the late 1970s, a mobile bearing 
prosthesis was developed, 3 and UKA design work continued 
through the 1980s and 1990s. The results were not as good 


as those for total knee arthroplasty (TKA). In the first decade 
after replacement, the UKA was somewhat similar to TKA, 2 
but in the second decade, there were more failures 4 and the 
interest in partial knee arthroplasty decreased. Insall and 
Aglietti’s 5 report on UKA was especially discouraging with 
a high failure rate in the first 6 years. In the 1990s, Repicci 
and Eberle 6,7 rekindled interest with their limited médian 
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parapatellar incision for a minimally invasive approach. 
Interest in UKA has continuée! with improved results but 
with a limited application. Most surgeons do not perform 
the operation frequently and, thus, it is difficult to develop 
a significant expérience with the devices. However, with 
proper patient sélection and improved surgical techniques, 
the newer results are similar to those of TKA with 15 years 
of follow-up. 8,9 

INDICATIONS/CONTRAINDICATIONS 

Initially, the indications for UKA were extremely limited. 
Insall and coworkers 10 stated that only 7% of ail knees 
qualified for the surgery. Osteotomy of the knee, debridement, 
cell grafting, allografting, osteochondral autograft transfer, 
and bicompartmental arthroplasty are other techniques that 
could be considered along with UKA. It is important to 
combine the patient’s history, physical examination, and radio¬ 
graphie évaluation to make a decision about the surgical 
procedure. 

The history should be obtained from the patient with as 
much detail as possible. Ail of the conservative measures 
should be considered, including physical therapy, nonsteroi- 
dal anti-inflammatory drugs, intra-articular hyaluronic acid 
supplémentation, and unloader-type bracing. The patient 
must be able to localize the site of the pain in a consistent 
manner. It is sometimes difficult to détermine the extent of 
symptoms in the opposite tibiofemoral compartment or in 
the patellofemoral joint. If the patient describes a global pain 
in ail zones of the knee, UKA is not appropriate. While it is 
somewhat questionable to lead the patient’s responses, in the 
population over the âge of 80, UKA may represent the best 
limited approach for the patient despite the fact that the pro¬ 
cedure will not relieve ail of the patient’s symptoms. This 
discussion can involve much more time than the discussion 
for a TKA and the surgeon should be aware of this. How¬ 
ever, the patients over the âge of 80 represent some of the 
authors’ best surgical results. The expenditure of time is 
often very well worth the effort for the surgical resuit. 

UKA has been described as the first arthroplasty for the 
very young and the last arthroplasty in the elderly. Patients 
who are 40 to 60 years of âge form the younger population, 
and patients who are 80 years of âge or older form the second 
group. Patients 60 to 80 years of âge are more commonly 
considered for TKA but can also be considered for UKA if 
they hâve the appropriate indications. The younger group 
includes many of the same patients who are candidates for 
a high tibial osteotomy. Unicondylar replacement in this 
group permits an earlier return to full activity and is sup- 
ported in the literature. 

The results of tibial osteotomy 11-13 are often used as the 
basis of comparison to UKA. The osteotomy studies report a 
30% to 50% failure rate after 10 years. Conversion of the 
osteotomy to a TKA 14,15 is not always a simple procedure. 
The authors agréé that the quoted literature does not refer 
to opening wedge ostéotomies, which return the tibia to a 
more anatomie configuration and may hâve a more successful 


long-term resuit that has yet to be published. Conversion of 
the UKA to a TKA is reported to hâve results similar to 
those of a primary TKA. 16,17 

The elderly patients who are considered for UKA are 
often minimally acceptable for any surgical procedure. If 
the patient is willing to accept some pain in other zones of 
the knee, UKA is less physiologically challenging and is less 
invasive than TKA. The recovery is rapid with fewer compli¬ 
cations and the longevity of the replacement is now similar to 
TKA. 

Physical Examination 

The physical examination begins with the patient’s height 
and weight. Either of these items alone may be misleading 
and the body mass index is probably more helpfiil. The 
author has arbitrarily chosen a weight limit of 250 pounds 
(114 kg). The literature has previously indicated a limit of 
200 pounds (91 kg) with the concern of tibial component 
subsidence and/or excess polyethylene wear. 18 The surgical 
technique should allow for this weight increase. Cortical 
contact of the tibial tray is critical, and dual peg fixation of 
the fémoral component is helpfiil. 

The knee examination should include the range of 
motion and degree of angular deformity. The surgical limita¬ 
tions for UKA are 10 degrees of flexion contracture, 10 
degrees of varus deformity, and 15 degrees of valgus defor¬ 
mity. The varus and valgus deformity is easier to approach 
if the angulation is correctable to neutral on stress examina¬ 
tion. Fixed deformity in the coronal plane increases the diffi- 
culty of the operative procedure. 

The knee should hâve at least 105 degrees of flexion to 
permit enough range of motion in the operating room to 
insert the fémoral component on the eut surface. There 
should be no médial or latéral thrust of the fémur on the tibia 
through the stance phase of gait. A thrust implies increased 
laxity of the knee and correlates with translocation of the 
tibia beneath the fémur on radiography leading to greater 
arthritic involvement of the opposite compartment. The 
médial and latéral tibiofemoral joint fines should be individ- 
ually palpated along with the patellofemoral joint to déter¬ 
mine the degree of tenderness. It is idéal to hâve the médial 
joint line most tender in the varus knee and the latéral joint 
line most tender in the valgus knee. The site of tenderness 
should correlate with the patient’s pain history. The liga¬ 
ments of the knee should be intact but an absent anterior 
cruciate ligament is not an absolute contraindication to 
UKA if a fixed bearing device is used. However, disloca¬ 
tion can occur with a mobile bearing design in the anterior 
cruciate déficient knee. 

Preoperative Planning 

Plain radiographs form the mainstay of the imaging studies. 
The standing film is critical (Fig. 5-1). A full-length study, 
including the hip, knee, and ankle, is désirable but not man- 
datory. Spot views of the hip and ankle are helpfiil to rule out 
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FIGURE 5-1. The anteroposterior standing radiograph of a left knee 
with the anatomie axes drawn. 


17 degrees 


FIGURE 5-2. The latéral radiograph of the knee showing a 17-degree 
slope of the tibial joint line. 


referred pain. An appropriate patellar view, such as the Mer- 
chant view, will show the extent of the arthritic involvement 
and the alignment of the patellofemoral joint. The latéral 
film shows the patellofemoral joint and should be used to 
measure the slope of the tibia plateau (Fig. 5-2). The normal 
plateau slope is 5 to 7 degrees with a range from 0 to 15. The 
preoperative slope of the tibia can be changed during the sur- 
gical procedure to accommodate a flexion contracture of the 
knee. A tunnel or flexed anteroposterior view of the knee is 
valuable to rule out involvement of the opposite fémoral con- 
dyle with lésions in the area of the fémoral notch. 

Magnetic résonance imaging (MRI) studies are not man- 
datory but give further information concerning the status of 
the menisci, the ligaments, and any occult avascular necrosis 
(AVN) that may not be évident on the plain radiograph. The 
authors do not routinely request this study unless the 
patient’s complaints are suggestive of mechanical instability 
or an early AVN. If the patient undergoing a UKA has an 
undisplaced, dégénérative tear of the meniscus in the oppo¬ 
site compartment, the authors will disregard this at the time 
of surgery. If the tear is displaced or if the patient also com- 
plains of instability, arthroscopic évaluation is recommended 
at the time of the arthroplasty. If there is an AVN présent on 
the MRI, the surgical procedure must be delayed until the 
full extent of the lésion is clearly évident and the process is 
in remission. 

Technetium-99 bone scanning can sometimes be helpful 
to détermine if there is isolated unicompartmental disease or 
to compare the amount of uptake in one tibiofemoral com¬ 
partment versus the other. Again, this technique is helpful 


as an adjunct but is not mandatory. MRI will often supplant 
bone scanning. 

The alignment of the standing film can be measured 
using the anatomie axes. Ten degrees of varus or 15 degrees 
of valgus is acceptable. Deformity beyond these limits will 
require ligamentous releases. While releases hâve been very 
successful in TKA, it is very difficult to quantitate the releases 
in UKA and there is a strong tendency to overcorrect the 
knee and overload the opposite compartment after surgery. 
If the limits of 10 degrees of varus and 15 degrees of valgus 
are observed, the implant can be positioned with proper 
alignment and spacing to accommodate the prosthesis. Trans¬ 
location of the tibia beneath the fémur is a relative contrain- 
dication (Fig. 5-3). In the younger population, translocation 
is not amenable to UKA because the impingement on the 
opposite fémoral condyle will lead to pain and progressive 
détérioration with compromise of the resuit. In the elderly 
patient, with early translocation and prédominant symptoms 
on one side of the joint, UKA may be possible. This is the 
group that will need to accept some residual pain in the other 
compartments of the knee as a compromise for the UKA pro¬ 
cedure. The opposite compartment of the knee and the patel¬ 
lofemoral joint will almost always hâve some arthritic changes 
présent at the time of the surgery. Mild to moderate involve¬ 
ment is acceptable for the UKA if the symptoms concur with 
the radiograph findings. The imaging studies should be com- 
bined with the history and physical examination to make an 
appropriate decision about the UKA. 

The UKA is best suited for either médial or latéral 
compartment osteoarthritis. Rheumatoid arthritis does not 
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FIGURE 5-3. A standing anteroposterior radiograph of a left knee 
showing translocation of the latéral tibial spine touching the latéral 
fémoral condyle. 



FIGURE 5-4. The médial incision begins at the superior pôle of the 
patella and ends just below the joint line. A, the joint line. B, the 
médial fémoral condyle. 


respond as well to this form of replacement because of the 
synovial reaction that persists in the knee secondary to the 
remaining cartilage in the joint. In Knutson et al.’s study 
from the Swedish Registry, the révision rate within the first 
6 years was 6% for a diagnosis of osteoarthritis and 17.5% 
for a diagnosis of rheumatoid arthritis. 19 The senior author 
has performed some replacements in the setting of chondro- 
calcinosis without compromised results; however, the inflam- 
matory diseases are a relative contraindication. Osteonecrosis 
of the knee is amenable to UKA if the lésion is isolated to 
one condyle and is not progressive. It is essential to complété 
a full diagnostic workup of the osteonecrosis before proceed- 
ing to be certain that there are no other associated lésions 
and that the lésion is well contained. If the lésion violâtes 
the metaphysis, the bone loss will require TKA with possible 
b one augmentation. 

SURGICAL TECHNIQUE 

The operation is performed under general, spinal, or épidu¬ 
ral anesthésia. Other régional techniques are appropriate 
according to the expérience of the anesthesiologists. It is 
important for the anesthesiologists to understand that early 
ambulation is part of the surgical program and the patients 
will be asked to walk and begin knee flexion within 2 to 4 
hours after the surgical procedure. 

The surgery is performed under tourniquet control. The 
surgeon should be comfortable for the procedure and leg 
holders and other positioning devices should be used to sim- 
plify the approach. Throughout the operation it will be nec- 
essary to shift the position of the knee many more times than 
with the conventional open arthrotomy. The incision is small 
and adjustments in technique are necessary. 

The limited surgical approach begins with a short 
médial or latéral skin incision, approximately 10 cm in length 
(Fig. 5-4). The incision starts at the superior pôle of the 
patella and continues distally to the tibial joint line. It is a 
common error to centralize the incision on the joint line. 
The proximal exposure is more essential for the procedure. 


Minimal médial and latéral flaps are elevated. The arthrot¬ 
omy is then performed on either the médial or latéral si de 
in the line of the incision. The deep médial collateral liga¬ 
ment is elevated from the tibial plateau line for visualization 
of the joint, not for the purposes of release. The superfîcial 
médial collateral ligament must be protected at ail times 
and not released. UKA is not a TKA. The principles of liga¬ 
ment balancing and overall alignment of the knee cannot be 
applied completely to UKA. In TKA, it is important to cre- 
ate a valgus knee with balanced ligaments and equal forces 
across the joint on the médial and latéral sides. The liga¬ 
ments are balanced with releases on the concave, tight side, 
or tightening on the convex, loose side. In the UKA, both 
sides of the joint are not replaced. With either médial or lat¬ 
éral replacement, the balancing is different than in TKA. 
The opposite compartment is not replaced and is not nor¬ 
mal. If the ligaments are either tightened or released to 
equalize the pressures on both sides of the joint, the remain¬ 
ing abnormal condyle will expérience more pressure than 
before the operative intervention and the patient will develop 
pain soon afterward. As the technique evolves, it may become 
possible to quantitate the extent of the release in UKA to 
avoid this concomitant overload. However, at the présent 
time this is not yet feasible. 

In the latéral UKA, the vertical incision is taken down to 
the tibial plateau and the iliotibial band (ITB) is sharply 
released from Gerdy’s tubercle posteriorly. The ITB is 
opened like a book, and after the prosthesis is inserted, the 
vertical arthrotomy is closed, leaving the ITB to scar back 
down to the tibial plateau margin. 

If the visualization on either the médial or latéral 
approach is not adéquate, the arthrotomy incision can be 
extended proximally for 1 cm along the médial or latéral side 
of the quadriceps tendon without everting the patella. The 
patellar fat pad can also be eut back, but this sometimes leads 
to increased bleeding. 

With the completion of the arthrotomy, the osteophytes 
can be removed from the affected fémoral condyle and 
tibial plateau line. Generalized joint debridement is not 
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recommended and can lead to excess bleeding and prolonga¬ 
tion of the recovery. The entire joint can be inspected 
through the incision, and diagnostic arthroscopy is not nec- 
essary or recommended. The preoperative évaluation should 
include ail of the proper diagnostic tests and discussions with 
the patient. The authors do not abort the procedure or 
change it in the operating room. 

The distal fémoral eut can be made first with either an 
intramedullary reference or an extramedullary guide. While 
the literature indicates that the intramedullary fémoral référ¬ 
encés are more accurate, some surgeons are concerned about 
the possibility of fat embolism associated with intramedullary 
devices and also believe that extramedullary instrumentation 
allows a smaller incision. 

The intramedullary technique requires an entrance hole 
centered just above the roof of the intercondylar notch. After 
évacuation of the canal contents with suction, the cutting 
guide is placed into the canal. The depth and the angle of 
the eut must now be determined. It is critical to realize that 
the depth of the eut détermines the space in full extension 
and also the valgus of the distal fémur. The angle of the eut 
détermines the perpendicularity of the distal eut to the ana¬ 
tomie axis of the fémur. If the distal fémoral valgus is 5 
degrees or less in the varus knee, the standard amount of 
bone is removed to replace millimeter for millimeter with 
the prosthesis. If the distal fémoral valgus is 6 degrees or 
more in the varus knee, 2 mm of additional bone is removed 
from the distal fémur to decrease the excess valgus and to 
increase the space in full extension (Fig. 5-5). Increasing 
the space in full extension helps to correct flexion contrac¬ 
tures and enables the surgeon to decrease the associated 



FIGURE 5-5. The distal fémoral valgus in this knee is 10 degrees. 


depth of the tibial eut, sparing valuable bone on the tibial 
side. In most Systems, the fémoral eut is 8 mm at maximum 
and this is 1 mm less than the depth of the eut for standard 
total knee fémoral prostheses. 

In the valgus knee, the maximum deformity is 15 degrees 
and the distal fémur is eut millimeter for millimeter for 
replacement. Therefore, in the valgus knee, no attempt is 
made to decrease the existing deformity. The latéral fémoral 
condyle is the less prominent condyle, and it is not possible 
to affect the extension space by changing the depth of the 
resection. 

There are extramedullary guides for the distal fémoral 
resection. Most of these build from the tibial eut and ensure 
that the fémoral eut will be parallel to the tibial eut in full 
extension. Once again, it is important to avoid overcorrec- 
tion of the knee when making the distal eut. 

Once the distal fémoral resection is completed, a finish- 
ing block can be used to shape the remainder of the surface 
for the spécifie implant. The fémoral runner should be a 
slight bit smaller than the original fémoral condyle surface 
and should be perpendicular to the tibial plateau at 90 
degrees of flexion and centered médial to latéral on the con¬ 
dyle (Fig. 5-6). In some cases, there may be increased diver¬ 
gence of the médial and latéral fémoral condyles beyond the 
normal of 18 degrees. If this is the case, the fémoral compo- 
nent should be adjusted perpendicular to the tibial plateau 
and allowed to overhang the intercondylar notch. 

The tibial eut is usually made with an extramedullary 
guide. If the flexion space is tight, the tibial eut should be 
made before the fémoral cuts are completed to allow more 
room for the fémoral jigs. The tibial eut can be angled from 
anterior to posterior. Most Systems favor a 5- to 7-degree 
posterior slope for roll back. The slope of the eut also affects 
the flexion-extension balancing. The flexion gap is usually 
larger than the extension gap because of the flexion contrac¬ 
ture that is présent in almost ail arthritic knees. As the flexion 
contracture increases to 10 degrees, the extension gap 

AP 



Tibia 

FIGURE 5-6. The fémoral component should be anatomically 
centered on the condyle if possible; however, it is more important 
that the long axis of the component be perpendicular to the tibial 
plateau surface. 
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becomes tighter. If the slope of the tibial eut is decreased 
from the anatomie slope of the tibia noted on the preopera- 
tive latéral radiograph, the eut can be made deeper, ante- 
riorly, to give greater space in extension while maintaining 
the same flexion gap posteriorly (see Fig. 5-6). 

The tibial tray should be supported by the cortical rim 
without signifîcant overhang. The tibial eut should be per- 
pendicular to the long axis of the tibia in the coronal plane 
and not in any degree of varus. Some valgus is acceptable 
but not désirable. Varus inclination can lead to early compo- 
nent loosening. An alternate technique for resurfacing the 
tibial plateau inlays the component inside the cortical bone 
resting on the subchondral plate. The inlay method does 
not take advantage of the strength of the tibial cortex and 
invites component sinkage and subséquent failure. 

Once the cuts are completed, the flexion-extension gap 
should be tested with the trial components in position. In 
the idéal case, there should be 2 mm of laxity in both posi¬ 
tions. It is best not to overtighten the joint and to accept 
greater rather than less laxity. Excess tightness may lead to 
early polyethylene failure and also contributes to increase 
pressure transmission to the contralatéral side. Three sepa- 
rate items détermine the overall varus or valgus of the knee: 
the depth of the tibial eut, the tibial polyethylene thickness, 
and the depth of the fémoral eut. The tibia can be eut exactly 
perpendicular with a fémoral eut of 2 degrees of valgus and 
inserting an excessively thick polyethylene can overcorrect 
the knee. This will lead to overtightening of the replaced 
side, increased pressure on the contra latéral side, and ulti- 
mate failure of the replacement. With the trial réduction of 
the components, the spacing should be corrected if it is not 
symmetrical. Typically, the extension space will be smaller 
than the flexion space. This can be corrected by starting 
the tibial eut slightly deeper on the anterior surface and 
decreasing the slope angle. This allows correction without 
recutting the entire fémur with ail of the chamfer cuts and 
peg holes. If the space in extension is larger than the flexion 
space, this usually means that the slope of the tibial eut was 
made too shallow and the slope should just be increased. 

It is best to cernent ail of the components for better fix¬ 
ation and longevity. Cementless devices hâve not had as good 
a resuit in this setting. It is best to cernent the tibial compo¬ 
nent first and, then, the fémoral. This permits better expo- 
sure and évacuation of cernent fforn the posterior aspect of 
the joint. If the tibial tray is modular, the polyethylene 
should be inserted last. The all-polyethylene tibia has some 
advantages with increased thickness, but the major disadvan- 
tage is the loss of posterior exposure during the cementing. 
Second, if the polyethylene is worn through, it can be easily 
replaced in the modular setting, and in the nonmodular 
setting, some tibial bone will be sacrifïced with removal of 
the implant. 

The tourniquet is released before the closure and adé¬ 
quate hemostasis are established. The closure of the arth- 
rotomy is performed with nonabsorbable sutures in an 
interrupted fashion over a single drain. The vastus closure 
should be anatomie without over tightening or residual 


laxity. The patellar tracking should be checked before closing 
the subeutaneous tissues. 

At the time of closure, some surgeons prefer to inject the 
surrounding tissues with a local anesthetic agent to permit 
more comfortable activity immediately after the surgery. 

POSTOPERATIVE MANAGEMENT 

The UKA patient recovers quickly because of the limited 
surgical approach and the accelerated postoperative manage¬ 
ment. The surgical procedure does not evert the patella and 
includes minimal invasion of the quadriceps mechanism. 
Physical therapy is started 2 to 3 hours after the surgical pro¬ 
cedure with range of motion and full weight-bearing annula¬ 
tion. A surgical drain is removed in the evening and the 
patients typically stay one night in the hospital. About 5% 
hâve gone home on the same day. 

Low-molecular-weight heparin is used for deep venous 
thrombosis prophylaxis for 2 weeks after the surgery. Most 
patients use a walker or crutches for 1 week and then change 
to a cane. The sutures are removed 2 weeks afterward, and 
physical therapy lasts about 4 weeks. The patients hâve full 
range of motion by 4 to 6 weeks after the surgery. The effu¬ 
sion résolves in about 6 to 8 weeks, and full activities are 
resumed about 2 months after surgery. At the présent time, 
the patients are advised to avoid high-impact aérobics. They 
are permitted to use treadmills, bikes, and light weights for 
progressive résistive exercises. They play tennis and golf, 
and a limited number hâve returned to skiing (two physi- 
cians). The latter activity is tolerated but not advised by 
the author. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Berger and colleagues’ article included a 10-year follow-up 
with 98% longevity using standard open arthrotomy techni¬ 
ques. The average âge of the patients was 68 years, and the 
indications for the procedure were quite strict. 8,9 Price 
et al. 20 reported early follow-up of an abbreviated incision 
for UKA with good results. They compared 40 Oxford UKAs 
using a limited-type incision with 20 Oxford UKAs per¬ 
formed with a standard incision. The average rate of recovery 
of the UKAs with the smaller incision was twice as fast. The 
accuracy of the implantation was evaluated using 11 variables 
on fluoroscopically centered postoperative radiographs and 
was found to be the same as for the open UKAs. Price et al. 
concluded that more rapid recovery was possible with less 
morbidity. The technique did not compromise the final resuit 
of the UKA. Romanowski and Repicci 7 reported on 136 knees 
with 8 years of follow-up using the MIS technique. There 
were 10 révisions (7%): 3 for technical errors, 1 for poor pain 
relief, 5 for advancing disease, and 1 for fracture. The révi¬ 
sions for technical errors occurred from a minimally invasive 
surgical technique 6 to 2 5 months after surgery. The révisions 
for advancing disease occurred from 37 to 90 months after 
surgery. Romanowski and Repicci concluded that MIS UKA 
is “an initial arthroplasty procedure (that) relieves pain, 
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restores limb alignment, and improves function with minimal 
morbidity without interfering with future TKA.” 7 

The senior author has performed 500 UKAs using a fixed 
bearing prosthesis. The first 63 knees included 27 males and 
32 females (with four bilateral surgeries). 21 The average âge 
was 68 years with a range from 42 to 93 years. There were 
two prominent âge groups: 55 to 60 and 80 to 85. There was 
one failure for patellar subluxation. Three patients were not 
completely satisfied with their resuit. One patient sustained 
an undisplaced tibial plateau fracture 2 weeks after surgery 
and it healed without intervention. Ail patients obtained 
their full range of motion within 3 weeks, and no components 
hâve shown any signs of loosening. 

Common Complications 

The most common complication of UKA is malalignment of 
the components. Tibial component varus will lead to early 
failure. The second most common error is to make the 
replacement too tight in flexion and full extension. This leads 
to early polyethylene wear and to pain on the opposite side of 
the knee joint because of overloading of that side, which is 
already arthritic. There is a natural tendency to place the tib¬ 
ial tray too médial in the varus knee and too latéral in the val- 
gus knee, to avoid impingement on the anterior cruciate 
ligament. This can lead to a metaphyseal fracture of the tibia 
because of decreased bone support beneath the tray. The col¬ 
lateral ligaments should not be released as they are in the 
TKA setting. Releases can lead to overcorrection with failure 
of the UKA because of overloading of the opposite remain- 
ing compartment. It is important to perform the surgery as 
a UKA and not as a TKA. 

SUMMARY/CONCLUSION 

Interest in UKA is again increasing. The literature shows 
improvement in the long term results, and UKA is certainly 
a viable solution for properly chosen patients. For these rea- 
sons, as well as the fact that conversion to a primary TKA has 
results superior to a révision TKA, surgeons will see a 
continued increase in the rôle of the médial UKA. 

FUTURE CONSIDERATIONS 

UKA addresses either the médial or latéral compartments of 
the knee. While isolated patellofemoral disease is rare, it is 
not uncommon to see patellofemoral disease in combination 
with médial or latéral tibiofemoral disease. These combina¬ 
tions can be treated without a TKA using a bicompartmental 
approach. Individual prostheses for two areas of the knee 
hâve been used in the past with good long-term results. 22,23 
There are newer prostheses that combine the médial and 
patellofemoral devices into one fémoral component that 
articulâtes with a patellar resurfacing and a médial tibial 


replacement. 24 The long-term results of these prostheses 
are not yet available; however, they may represent the UKA 
of the future. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: In this chapter, we discuss the current status of patellofemoral (PF) arthroplasty. The background, including indications, 
and appropriate workup are described, as well as design issues and their impact on clinical outcomes. Technical points on implantation of PF 
devices are outlined. 

IMPORTANT POINTS: 

The reader's attention is brought to understanding the rôle of correct patient sélection in the success of PF arthroplasty. Good preoperative and 
postoperative investigation and care are discussed. Correct surgical technique is described, and historical improvement with implant design is 
discussed. An outline of alternative techniques as well as future developments is also offered. 

CLINICAL/SURGICAL PEARLS: 

We outline correct use of anatomical landmarks to ensure correct implant positioning. Spécial radiologie and clinical indicators are presented. 

CLINICAL/SURGICAL PITFALLS: 

Options for approach and aids for correct implant positioning to avoid malalignment of PF arthroplasty are discussed. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE OF 
THE PROBLEM 

Patellofemoral (PF) arthritis is a relatively common condi¬ 
tion. It has been shown to affect up to 11% of men and 
24% of women over the âge of 55 years. 1 Isolated PF arthri¬ 
tis has been demonstrated in 9.2% of symptomatic knees 
over the âge of 40. 2 The disease appears to affect women 
predominantly. The typically larger Q angle found in females 
is thought to increase the propensity to knee and PF disor- 
ders due to its effect on both PF and tibiofemoral kinemat- 
ics. 3 Despite some studies demonstrating no gender-related 
différence in kinematics, 4 women dominate the study cohorts 
of most published data on PF arthroplasty. 5-12 

PF arthritis may be defined as loss of articular cartilage on 
one or both surfaces of the patella and/or trochlear groove. 
Predisposing factors include previous trauma, inflammatory 
arthritides, and abnormal biomechanics around the knee. 

The PF joint offers challenges because of the unique 
arrangement of static (ligaments and bony éléments) and 
dynamic (neuromuscular) factors that contribute to its opera¬ 
tion. These include the médial and latéral PF and patellotibial 


ligament complexes, quadriceps function, and limb alignment. 
The latter involves coronal, axial, and sagittal tibiofemoral 
alignment, fémoral version, and pelvic position. This com- 
plex orchestration of forces must be correctly interpreted and 
understood to avoid inappropriate surgical intervention. 13 

Nonarthroplasty surgical management of PF arthritis in- 
cludes realignment procedures, cartilage replacement (auto- 
logous chondrocyte transplantation and mosaicplasty), and 
arthroscopic releases and debridement, as dealt with elsewhere 
in this volume. Total knee arthroplasty (TKA) is a proved 
method for the treatment of PF arthrosis in the elderly 
patient. 14-16 For the purposes of this chapter, however, 
we concem ourselves primarily with unicompartmental PF 
arthroplasty. 

Understanding the forces around the PF joint is impor¬ 
tant for correct implantation technique. PF arthroplasty has 
the potential advantage of retaining the menisci, anterior, 
and posterior cruciate ligaments and thereby the natural 
kinematics of the knee joint. The shortcoming of this proce¬ 
dure to date has been the durability of these arthroplasties. 
This is discussed later. 
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The patella has two main functions: to improve the 
mechanical advantage of knee extension by increasing the 
effective lever arm of the quadriceps muscle group and to 
reduce the contact forces in the PF joint and tibiofemoral 
joints. Alignment of the soft tissues is critical to stability of 
the PF joint. Tension of the quadriceps exerts a force tending 
to displace the patella laterally. This is restricted anatomi- 
cally by the prominent latéral fémoral trochlear facet and 
an opposite force exerted by the vas tus medialis obliquus, 
which inserts almost horizontally into the patella. Additional 
stability is provided by the médial retinacular structures, 
primarily the médial PF ligament. 

The Q angle is defined as the angle between a line join- 
ing the superior anterior iliac spine and the center of the 
patella and the projection of a line from the tibial tuberosity 
through the center of the patella. Any condition that increases 
this angle results in an increased latéral force that may cause 
subluxation or dislocation. Abnormal angles are considered 
greater than 15 degrees in males and 20 degrees in females, 
and this angle is physiologically increased at terminal extension 
as the tibia externally rotâtes to lock into place. 

Patellofemoral joint reaction (PFJR) force is dépendent 
on the tensions created by the extensor mechanism that loads 
the patella against the fémur. This force increases as the knee 
flexes, as does the PF contact area, at least until 60 degrees 
of flexion. The joint reaction force passes through different 
areas of the patella as the knee bends. With the knee slightly 
flexed, it passes through the lower portion and migrâtes prox- 
imally with further flexion as the patella translates distally. 17 
Experimental models hâve helped détermine that the PFJR 
force is up to 3.3 times body weight at 60 degrees flexion 
(climbing stairs) and 7.8 times body weight at 130 degrees 
(deep knee bends). 18 

Perhaps due to its complex origin, PF arthrosis has pre- 
sented a therapeutic dilemma across the spectrum of disease 
from abnormal loading to advanced wear. Nonarthroplasty 
options for PF arthrosis hâve met with variable results. 19-24 
TKA has good results, but 7% to 19% of patients expérience 
residual anterior knee pain when TKA is performed for PF 
arthritis in isolation. 14,16 

While PF arthroplasty is not a new concept, its appro- 
priate indication has yet to be established and is currently a 
matter of considérable debate. It has generated much inter¬ 
est as a bone-sparing surgical option in for advanced PF 
arthritis. One of the major factors leading to caution sur- 
rounding the application of PF arthroplasty is the relatively 
poor performance of early designs. These will be discussed 
later. 

INDICATIONS/CONTRAINDICATIONS 

As in ail aspects of surgical practice, correct patient sélection 
is essential to good outcome. Following failed conservative 
management, PF arthroplasty is indicated in PF arthro¬ 
sis secondary to trauma and in primary PF arthritis where 
tibiofemoral arthrosis has been ruled out. Révision to TKA 
because of tibiofemoral disease progression represents a 


significant proportion of revised PF arthroplasties. 25,26 
Although established arthrosis of the tibiofemoral joint is a 
contraindication for PF arthroplasty, there hâve been recent 
advocates for combining grafting of isolated full-thickness 
tibiofemoral chondral lésions with PF arthroplasty. However, 
there are no published data on this approach, and it should 
be approached with caution pending further évaluation of 
the technique. 27 

PF arthroplasty has been described as an effective treat- 
ment for PF dysplasia. 28 Its use in cases of significant mala- 
lignment including large Q angle (see later) is less promising 
and should be avoided unless the malalignment is also cor- 
rected. Mild patellar subluxation or tilt can be managed at 
the time of PF arthroplasty with a latéral retinacular release 
and careful implant positioning. 29 

Given higher rates of tricompartmental arthrosis and 
the predictable results of TKA in older âge groups, PF 
arthroplasty tends to be considered as a relatively bone- 
sparing procedure for patients younger than 55 years with 
isolated PF compartment arthrosis. 29,30 Evaluation of more 
recent implants has included older âge groups. 31 

Patient Assessment 

History 

Patterns of pain in PF arthritis are typically anterior or 
retropatellar knee pain with increasing discomfort on des- 
cending or, particularly, climbing stairs. Mobilization is 
more difficult on uneven ground. The patients prefer to 
sit with their knees extended rather than flexed. There 
may be difficulty squatting or kneeling. The patient may 
describe crepitus and swelling. Particular attention should 
be paid to a history of patellar subluxation or dislocation 
as this could indicate the need for a realignment procedure 
in advance of PF arthroplasty. A history of previous trauma 
should also be sought. 

Physical Examination 

The patient is exposed adequately to reveal both lower 
limbs including access to the anterior superior iliac spine. 
Any obvious deformity in coronal and sagittal alignment 
is noted, with particular attention paid to determining the 
Q angle (Fig. 6-1). A value of greater than 15 degrees in 
males and 20 degrees in females indicates the need for 
corrective surgery before undertaking PF arthroplasty. Any 
previous scars should be noted as they may compromise 
access and the neurovascular and dermatological condition 
of the limb should be noted. Latéral subluxation of the 
patella in the terminal 20 degrees of extension is known as 
the J sign and is an indicator of PF instability, malalign¬ 
ment, and muscle imbalance, which should be addressed 
before undertaking PF arthroplasty. 

An effusion should be identified if présent, and pain 
elicited on patellar tap is a good indicator of PF pathology. 
The patella should be examined for stability, and a posi¬ 
tive appréhension test may indicate the requirement for 
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FIGURE 6-1. "Q," or quadriceps, angle Is measured between a line 
drawn from the superior anterior iliac spine to the center of the patella 
and a line drawn from the center of the patella and the tibial 
tuberosity. 

aggressive physiotherapy or realignment procedures. Tender- 
ness along the latéral and médial joint lines may indicate 
arthrosis affecting the tibiofemoral compartments. Any ten- 
derness in the quadriceps or patellar tendons and hamstring 
or iliotibial band insertions should be ruled out. Anterior 
or posterior cruciate ligament insufficiency is not an abso- 
lute contraindication for this procedure, but ligament recon¬ 
struction should be actively considered to reduce instability 
and possibly help preserve tibiofemoral cartilage. 

Examination of the spine, hips, and feet is important. 
The “misérable malalignment syndrome” consists of coexist- 
ing internai torsion of the fémur, external torsion of the 
tibia, and planovalgus foot. It is strongly associated with PF 
pain and may be amenable to improvement with orthotics. 


Radiology 

Standard anteroposterior and latéral radiographs should be 
taken while weight bearing to avoid underestimation of 
tibiofemoral disease. Rosenberg views 32 are weight-bearing 
flexed views in the plane of the tibial plateau that identifies 
tibiofemoral contact in flexion (Fig. 6-2). Merchant views 
(skyline views at 30 degrees, Fig. 6-3) are also helpful. Rat¬ 
erai radiographs can demonstrate patella baja, which should 
be corrected before PF arthroplasty, 33 but they are not 
reliable in the détermination of site and degree of disease 
and should always be correlated with the other more 
spécifie views. 1,2,31 Full leg-length standing radiographs 
can aid assessment of mechanical axial alignment. It may 
be necessary to consider computed tomography scanning 
or magnetic résonance imaging to fully assess PF tracking 
and quality of articular cartilage respectively. 34 

In the event of the patient having had previous arthros- 
copy, photographie evidence of the degree of PF arthrosis 
and the absence of tibiofemoral disease can be invaluable 
in the decision making process. Indeed, we advocate rou¬ 
tine arthroscopy in advance of PF arthroplasty in younger 
patients. At the least, the tibiofemoral articulation should 
be inspected at arthrotomy for PF arthroplasty. Patients in 
the latter group should be counseled that if tibiofemoral 
disease is identified, TKA may be performed. 

SURGICAL TECHNIQUE 
Approach 

The précisé approach is a matter of surgeon preference. We 
use a standard midline incision and médial parapatellar 
approach, but most described approaches (subvastus, midvas- 
tus, or médial parapatellar) are reasonable. One should be 
cognizant that further surgery including révision to TKA 
may be required in the future, and with this in mind, the 
incision should be adaptable to TKA. The length of the inci¬ 
sion is typically shorter than that required for TKA, but 
adéquate exposure should not be compromised in favor of 
shorter incisions. 

Care of the underlying structures (menisci, articular 
cartilage) is essential in arthrotomy for PF arthroplasty, but 
adéquate exposure to inspect the tibiofemoral articulation is 
necessary to allow évaluation of the bearing surfaces. This 
permits the surgeon to make informed decisions regarding 
the need for augmentation of the PF arthroplasty with, 
for example, chondral grafting or, more commonly, the need 
to abandon PF arthroplasty in favor of TKA. 

Trochlear Technique 

Rotational alignment of the trochlear component is critical 
to patellar stability. Alignment can be determined from either 
the epicondylar axis or Whiteside’s line through the center 
of the trochlear groove and the center of the intercondylar 
notch. 35 Whiteside’s line can be of particular use in PF 
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FIGURE 6-2. Rosenberg view. (A) Standard AP weight-bearing view. (B) Rosenberg view in the same patient. Note the 
significant joint space narrowing in the flexed image demonstrating posterior condylar degeneration. (C) Schematic 
of position for Rosenberg view. With the knee slightly flexed, the beam is passed at an angle coincident with the tibial 
plateau (dashed line). 
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FIGURE 6-3. Merchant view. (A) Setup for image. (B) Merchant view showing patellar tilt and latéral osteophyte formation. 


arthroplasty as the incision tends to be smaller than that 
for TKA, making the epicondylar axis more difficult to iden- 
tify accurately (Fig. 6-4). The posterior condylar axis has 
the same limitations in minimal access approaches. Despite 
Whiteside’s line being an expéditions aid to rotational assess- 
ment, it should be considered along with other indices as it 
has a degree of variability. 36 In short, détermination of rota¬ 
tional alignment requires assessment of various parameters 
to ensure reliable implant positioning. 

Care should be taken to ensure adéquate lateralization 
and external rotation of the trochlear component. The patel¬ 
lar component should be implanted medially. These maneu- 
vers will aid tracking in the PF joint postoperatively. The 


FIGURE 6-4. Whiteside's line. The line is taken from the nadir of the 
trochlear groove to the center of the intercondylar notch. 


implants should be trialed and tested with the “no thumbs” 
technique of Insall to ensure stability throughout the range 
of movement. Where latéral retinacular release is required, 
one should remain aware of the risk of avascular necrosis 
and fracture, and the minimum release possible without 
damaging the latéral geniculate artery should be used. 37,38 

The implant should be positioned flush with or slightly 
deep to the native fémoral condylar surface and should not 
extend beyond the margins of the médial and latéral con- 
dyles. The components should not encroach on either the 
intercondylar notch or the weight-bearing area of the tibiofe- 
moral. Care should be taken during cementing of the implant 
both to protect the viable cartilage from thermal necrosis and 
to ensure that no cernent is left that may impinge on either 
the patellar component or the native chondral surfaces. Any 
osteophytes at the edges of the notch or over the anterior 
fémoral surface, particularly superiorly, should be removed 
to prevent “patellar clunking” postoperatively. 

Patellar Technique 

Depending on the design, patellar resurfacing techniques 
vary, but the principles of medialisation of the component 
and restoration of patellar depth remain true as for TKA. 
The redundant latéral surface, once exposed, may require 
to be beveled to avoid discomfort from contact with the 
trochlear component. 39 

Tracking of the patellar component should be assessed 
for subluxation, tilt, and catching, and steps should be taken 
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to relieve these problems as they arise. Peroperative latéral 
retinacular release can solve some of these issues, but adé¬ 
quate trialing of the implants to ensure satisfactory position- 
ing is essential. Circumferential incision of the synovium 
adjacent to the patella with définition of the edges of the 
patella facilitâtes accurate resection. 

Suffîcient soft tissue release to allow a positive patellar 
tilt test is important and typically includes release of the PF 
ligament and the retinaculum from any latéral osteophyte, 
which in turn should be resected. 

Rotational alignment and implant geometry will not 
overcome dysfunction secondary to extensor mechanism mal- 
alignment, and while it is possible to perform simultaneous 
PF arthroplasty and tibial tubercle realignment ostéotomies, 
we advocate that the necessary realignment procedure be 
performed before engaging in PF arthroplasty. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

Patients can be allowed to weight bear as tolerated, initially 
with the aid of crutches or a cane. We use a standard physio- 
therapy regimen as for TKA. There hâve been no spécifie 
regimens that hâve been prospectively assessed in PF arthro¬ 
plasty. The use of continuous passive motion devices has not 
been definitively assessed in PF arthroplasty and is as contro- 
versial and varied in application as it is in TKA. 31,40,41 
Closed and open chain exercises can be used, but a signifi- 
cant time to recovery of quadriceps fimetion can be expec- 
ted. This may be as much due to preoperative wasting as 
to difficulty with réhabilitation. 

Thromboprophylaxis, antibiotic prophylaxis, and anal- 
gesia regimens should follow standard institutional protocol 
for knee arthroplasty. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Outcome measures in the PF arthroplasty literature are 
not uniform, and this obviously hinders meaningful com- 
parison between studies. Some studies do not differentiate 
between isolated PF arthroplasty and that performed in 
conjunction with other procedures such as unicompartmen- 
tal arthroplasty or proximal tibial osteotomy. 7 The Short 
Form-36 and Knee Injury and Osteoarthritis Outcome Score 
hâve recently been recommended as reliable tools for évalu¬ 
ation of PF arthroplasty outcomes. 42 

The first reported PF replacement was the McKeever 
screw on vitallium patellar shell in 1955. The design 
evolved, and in 1979 the Lubinus patellar glide or total PF 
replacement was described. 43 Early PF arthroplasty designs 
report indifferent results. 6-9,28 The Lubinus prosthesis has 
a reported satisfactory outcome in only 45 % with a cumula¬ 
tive survival rate of only 65% at 8 years. 10 

The main reasons for failure hâve been persistent mala- 
lignment, wear, impingement, patellar catching or “clunking,” 
and disease progression. In combined sériés for various indi¬ 
cations involving 564 PF arthroplasties, only four trochlear 


components (0.7%) and one patellar component (0.2%) 
failed because of loosening. 11 The failed trochlear compo¬ 
nents were not cemented. 25,28 Despite this impressive lack 
of loosening, the potential for stress shielding should be 
remembered and a stemmed fémoral component is worth 
considération if revising a PF arthroplasty to TKA. Thank- 
fully, major bone loss need not be anticipated, and reports 
(although small in number) describe ease of révision without 
the need for stemmed components or wedges. 44 

With regard to problems of malalignment (clunking, 
impingement, catching), modifications of implant design 
hâve lead to improved results. 8,25,45 Design progression and 
its effect can be demonstrated by comparison of the Lubinus 
and Avon implants. The latter addressed many of the prob¬ 
lems encountered by the former. Important éléments of the 
trochlear component geometry include the sagittal radius of 
curvature, the proximal extension of the anterior flange, the 
medial-lateral width of the implant, the degree of constraint, 
and concerns regarding ease of révision to unmatched 
implants. 

In the Lubinus implant, the radius of curvature is obtuse 
(Fig. 6-5). Implantation of the component flush with the 
anterior fémoral cortex can lead to impingement at either 
the intercondylar notch or the anterior tibia in extension. 
This was habitually overcome by implantation in flexion, 
which resulted in catching of the patellar component on 
the superior edge of the trochlear flange when moving from 
extension to flexion. 10,46 The Avon trochlear component has 
a shorter radius of curvature and can be readily implanted 
flush to both the anterior fémoral cortex and the intercondy¬ 
lar area without flexion. 

The Avon component (Fig. 6-6) is broader and shal- 
lower than the Lubinus, which is more forgiving in cases of 
subtle tilt and subluxation as it allows more excursion than 
the narrow, more constrained designs. The patellar compo¬ 
nent articulâtes with the trochlear component into full exten¬ 
sion in the Avon prosthesis. This ensures a minimum of 
catching as the patella engages in early flexion. The patellar 
component of the Avon prosthesis has a médial chamber that 
acts as an odd facet, preventing impingement in full flexion. 
Finally, the Avon implant is based on the Kinemax total 
knee System, which facilitâtes révision to TKR in cases of 
tibiofemoral disease progression. 

In a consecutive sériés of 30 Lubinus trochlear and 25 
Avon trochlear components with the same dome-shaped 
patellar component (Zimmer NextGen), results depended 
on which of the two trochlear designs was used. The inci¬ 
dence of PF dysfunction, subluxation, catching, and substan- 
tial pain was 17% with the Lubinus component and 4% with 
that of the Avon System. 11 This illustrâtes succinctly the 
importance of trochlear geometry in the outcome of PF 
arthroplasty. 

Tibiofemoral disease progression is responsible for the 
majority of failed PF arthroplasties. Careful patient sélection 
can reduce the number of failures due to tibiofemoral degen- 
eration. Twenty-five percent of patients in Kooijman’s review 
at an average of over 15 years required further surgery for 
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FIGURE 6-5. Lubinus PF arthroplasty. (A) AP view. (B) Merchant view. Note acute sulcus angle, proud condylar edges, and incongruency 
on the skyline view and the narrow profile on the AP view. Note also that the patellar component lies above the flange of the trochlear 
component in extension. 



FIGURE 6-6. The Avon PF arthroplasty. (A) AP view. Note broad trochlear component. (B) Latéral view. 
Note short radius of curvature and congruency of the patellar component on the fémoral flange. 

Continuée! 
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FIGURE 6-6 cont'd, (C) Merchant view. Note obtuse sulcus angle 
and broad trochlear component. 

tibiofemoral disease progression. 25 Seen from another per¬ 
spective, however, this means that in terms of management 
of PF arthrosis, at least 75% of implants were working well 
into the second decade after implantation. 

SUMMARY/CONCLUSION 

PF arthroplasty is an option in the management of patients 
with isolated PF arthrosis secondary to trauma, PF dyspla- 
sia, or primary osteoarthritis. It is increasingly viewed as 
particularly suitable as a bone and joint-conserving option 
in younger patients (i.e., younger than 55 years). It is not 
suitable for patients with systemic inflammatory arthropa- 
thies or in the scénario of uncorrected PF malalignment. 
It is applicable to the patient in whom patellectomy may 
hâve previously been considered for the management of 
severe symptoms. PF arthroplasty is particularly bénéficiai 
in these patients as the use of patellectomy in younger 
patients has been associated with poor results and failure 
in up to 47%, with variable pain relief, significant loss of 
power, instability, and extensor lag ail being reported. 47,48 

Sparing of the tibiofemoral compartments, the menisci, 
and ligamentous restraints of the knee préserves the kine- 
matics of the knee, making the procedure an attractive 
alternative to TKA, especially in the younger âge group. 
Failure from tibiofemoral disease progression and PF mala¬ 
lignment can be minimized by careful patient sélection. 

Design considérations hâve increased satisfaction rates, 
and modem designs are likely to fail primarily through 
tibiofemoral disease rather than through intrinsic failure of 
the PF implant. This impression must be tempered with 
the caveat that little long-term data exist to identify the true 
longevity of PF arthroplasty, and it may be best considered 
an intermediate procedure in those patients for whom index 
TKA is not advisable due to âge concerns. 


FUTURE CONSIDERATIONS 

Advances in chondrocyte implantation and other grafting 
techniques continue to be made, and these may eventually 
compete with arthroplasty as the primary surgical option in 
the young patient with PF arthrosis. 

Anteromedial transfer of the tibial tubercle in cases of 
isolated latéral facet lésions has been associated with good 
results, even in cases of advanced bone on bone disease, 49 
and merits further investigation. 

Continued developments in the idéal configuration of 
PF implants will aim to maintain native kinematics and reduce 
the incidence of poor outcomes related to tracking issues. 

Finally, further prospective clinical outcomes research 
will help détermine the most appropriate patients and sur¬ 
gical techniques for PF arthroplasty and ensure the best 
possible patient outcomes for this complex problem. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Disruption of the extensor mechanism is the principal source of complications following total knee arthroplasty. 
Consequently, substantial attention has been paid to the various surgical approaches, the chief différences between which involve handing of the 
quadriceps muscle, patella, and patellar ligament. There are five commonly used contemporary approaches for primary total knee arthroplasty: the 
médial parapatellar, subvastus, midvastus, trivector, and latéral parapatellar approach. The médial parapatellar is the historical gold standard and 
most commonly used approach. Recent clinical outcomes suggest that the midvastus and subvastus approaches hâve some advantage with regard 
to functional recovery of muscle strength and postoperative pain. The midvastus approach is more versatile than the subvastus approach, being less 
hindered by the bulk of the vastus medialis in large patients, and may resuit in less postoperative pain after primary total knee arthroplasty. 

IMPORTANT POINTS: 

1. Regardless of the surgical approach used, the surgeon should be familiar with the entire surgical anatomy of the knee to be able to handle any 
variations or extensile needs during surgery. 

CLINICAL/SURGICAL PEARLS: 

1. One of the keys to proper surgical technique for knee exposures is for the surgeon to be comfortable with a primary and révision approach that 
he or she uses on a regular basis and that his assistants and staff in the operating room are then familiar with as well. 

CLINICAL/SURGICAL PITFALLS: 

1. Attempting new techniques without proper planning can add frustration and time to the operative procedure. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Numerous surgical approaches to the knee hâve been 
described for total knee arthroplasty (TKA). Each of these 
approaches typically provides wide exposure of the entire knee 
joint; however, the surgical approach has been implicated as a 
cause for several complications of primary knee arthroplasty 1 
and this has led to considérable controversy as to the most 
appropriate technique of operative exposure. In this chapter, 
we first review the relevant anatomy, followed by a discussion 
of the historical development of operative approaches to the 
knee. We then présent five contemporary surgical approaches: 
the médial parapatellar, the subvastus, the midvastus, the tri¬ 
vector, and the latéral parapatellar approach. 


Anatomy 

“The operating surgeon should he so familiar with the anatomy 
that he can plan his own approach , hasing it upon the anatomi- 
cal accessihility of the lésion ” 

Abbott and Carpenter .; 1945 2 

Vascular Supply to the Knee 

Arterial blood supply about the anterior knee is derived from 
a complex and rich anastomotic network (Fig. 7-1). In con- 
sidering surgical approaches to the knee, the supply to the 
anterior skin and patella are of paramount importance, as 
these two structures résidé in the watershed area of vascular 
supply are most at risk for devascularization. 
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FIGURE 7-1. Vascular supply about the knee. 

(Adapted from Scott WN [ed]: Insall and Scott's Surgery of 
the Knee, 4th ed. Philadelphia, Churchill Livingstone 
Elsevier, 2006.) 
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The integument of the anterior knee receives supply 
from a fascial plexus that is immediately superficial to the 
deep fascia. This hexagonal plexus is formed both by médial 
and latéral vessels, but the médial supply is substantially 
more dominant than the latéral. 3 The médial vessels are 
derived from the descending (suprême) genicular artery, the 
saphenous branch of the descending genicular artery, and 
an anterior genicular branch of the fémoral artery. The lat¬ 
éral side of the plexus is supplied by the superior and inferior 
latéral genicular arteries. 

The saphenous branch of the descending (suprême) gen¬ 
icular artery is the single largest artery supplying the fascial 
plexus. 3 From its origin, it travels with the saphenous nerve 
between the sartorius and gracilis muscles and terminâtes at 
its anastomosis with the médial inferior genicular artery. 
Médial incisions typically interrupt the médial blood supply, 
but the subdermal vascular plexus is well developed and skin 
necrosis is rarely seen. Latéral incisions can be more problem- 
atic; with a dominant médial circulation and a watershed 
région over the anterior aspect of the knee, occasionally skin 
necrosis will develop on the latéral side of a laterally placed 
incision. Most important, in patients who hâve prior longitu¬ 
dinal incisions about the knee, the most latéral incision that 
is useful for the procedure should be used in an attempt to 
preserve the dominant médial blood supply to the skin. 

The osseous supply to the patella is also derived from a 
complex vascular plexus. Scapinelli 4 originally described an 
extraosseous anastomotic ring that preferentially perforated 
the patella inferiorly. Subséquent work by Bonutti et al. 5 
demonstrated that the blood supply to the patella was based 
on a loose functional network composed of ail the geniculate 
arteries, including the superior (suprême), superior and infe¬ 
rior médial, superior and inferior, and anterior récurrent tib¬ 
ial. The standard médial parapatellar approach typically 
results in sacrifice of the suprême genicular and superior 


and inferior médial genicular arteries. Within the patella, 
there is also an intraosseous anastomotic network gaining 
access via the anterior cortical foramen and concentrated in 
the central third of the patella. Consequently, any disruption 
of the central third of the patellar osseous structure risks dis¬ 
ruption of the entire vascular supply to the bone. 

Finally, the popliteal artery, which gives origin to ail of 
the geniculate vessels proximal to the trifurcation, is located 
in the posterior aspect of the knee. It lies latéral to the mid- 
line of the tibial plateau, typically directly posterior to the 
latéral tibial spine. In this location, it is vulnérable to injury 
by an errant drill bit, screw, or saw; this risk is mitigated by 
flexion of the knee when working on the posterior tibial pla¬ 
teau as well as judicious respect of the popliteus muscle, 
which shields the popliteal vessel from an anterior approach. 

Nervous Supply to the Knee 

There are four cutaneous nerves about the anterior aspect of 
the knee: the médial and intermediate cutaneous nerves of 
the thigh, the infrapatellar branch of the saphenous nerve, and 
the latéral cutaneous nerve of the calf (Fig. 7-2). The infrapatel¬ 
lar branch of the saphenous nerve (IPBSN) is the most com- 
monly damaged nerve during the opérative exposure. 6-8 

The saphenous nerve arises from the fémoral nerve. It 
arises after the fémoral nerve emerges from the adductor 
canal between the gracilis and semitendinous muscles. The 
IPBSN branches immediately thereafter as a purely sensory 
nerve, emerging from the fascia lata médial to and at the level 
of the inferior pôle of the patella with the knee in extension. 
The IPBSN then divides into superior and inferior branches, 
which overlap innervation with the latéral cutaneous nerve of 
the thigh, resulting in a patellar nervous plexus. 6 Like the 
vascular plexus, because the nervous plexus is dominated 
by innervation from the médial side of the knee, when 
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FIGURE 7-2. Nervous supply about the 
knee. (Adapted from Scott WN [ed]: Insall and 
Scott's Surgery of the Knee, 4th ed. Philadelphia, 
Churchill Livingstone Elsevier, 2006.) 


transected during the operative approach there is typically 
hypoesthesia latéral to the incision about the inferior aspect 
of the knee. 

While not directly responsible for sensory innervation of 
the skin about the knee, the peroneal nerve deserves the con¬ 
stant respect of the surgeon. Tethered at the level of the fib- 
ular neck, it is most commonly in jeopardy secondary to 
élongation and stretch after correction of a valgus deformity 
of the knee. Direct exploration is rarely indicated, but gentle 
flexion of the knee and avoidance of circumferential com¬ 
pressive dressings alleviate some pressure on the nerve at this 
level. When injured, recovery from a complété peroneal 
palsy is rarely functional, but an incomplète injury more typ¬ 
ically regains motor function suffîcient to eliminate the need 
for a brace. 

Historical Approaches 

Abbott and Carpenter 2 reviewed numerous surgical approaches 
to the knee in 1945, including 12 to the anterior aspect of the 
joint. These included both médial and latéral parapatellar inci¬ 
sions, patella-dividing incisions, and quadriceps tendon and 
patella ligament-splitting incisions (Fig. 7-3). Sir Robert Jones 
advocated for the patella-splitting approach for complété expo- 
sure. 9 However, this approach was largely abandoned in favor of 
the assorted parapatellar incisions (Fig. 7-4) due to damage to 
the articular surface of the patella. 

Contemporary Approaches 

Médial Parapatellar Approach 

The médial parapatellar approach was originally described 
by von Langenbeck in 1878; the name describes the location 
of the arthrotomy , and the médial side is the most popular 
approach for total knee arthroplasty 10 (Fig. 7-5). The skin 
incision may be curved laterally or medially adjacent to the 


patella or straight up the midline; most commonly, a straight 
midline incision is chosen. The incision is positioned over 
the médial third of the patella, and extends approximately 
8 cm proximal to the superior pôle and 2 cm distal to the 
tibial tubercle. 

Sharp and blunt dissection are carried down to the exten- 
sor mechanism, affording visualization of the quadriceps ten¬ 
don, patella, and patellar ligament. A curvilinear arthrotomy 
is begun proximally within the médial third of the quadriceps 
tendon, extending along the médial border of the patella (leav- 
ing a cuff of soft tissue for later repair), and concluding along 
the médial side of the patellar ligament and tibial tubercle. 

Alternatively, Insall 11 argued in favor of a straight médial 
retinacular incision in order to avoid disruption of the vastus 
medialis insertion into the patella. He began with a latéral 
parapatellar incision, followed by médial dissection to expo- 
sure of the extensor mechanism. The quadriceps tendon 
was split 8 cm above the patella, extending distally in the 
midline over the patella, and through the patella ligament 
to the tibial tubercle. Using sharp dissection, he carefully 
separated the quadriceps expansion directly from the médial 
half of the patella along with the synovium, dividing the 
infrapatellar fat pad to dislocate the patella laterally. 

Subvastus Approach 

The subvastus surgical approach is purported to be a “more 
anatomie approach” 12 than the médial parapatellar arthrot¬ 
omy, insofar as the extensor mechanism is preserved. Theo- 
retically, this improves intraoperative évaluation of patella 
tracking following component placement and virtually élim¬ 
inâtes the risk of postoperative vastus medialis obliquus dis- 
association and dehiscence. Other considered advantages 
include decreased need for latéral release and diminished 
postoperative pain. Likely limitations include difficult expo- 
sure in patients weighing more than 200 pounds and in révi¬ 
sion surgery. 
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FIGURE 7-3. Various skin incisions 
described by Abbott and Carpenter in 1945. 

(Adapted from Abbott LC, Carpenter WF: Surgical 
approaches to the knee joint. J Bone Joint Surg Am 
27:277-310, 1945.) 
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FIGURE 7-4. Contemporary approaches to primary total knee 
arthroplasty. ( Yellow line, midvastus; purple line , trivector.) (Adapted 
from Scott WN [edj: Insall and Scott's Surgery of the Knee, 4th ed. Philadelphia, 
Churchill Livingstone Elsevier, 2006.) 


Foliowing a standard midline incision, a médial skin flap 
is developed (Fig. 7-6). The superficial fascia is identified 
proximally and incised in line with the skin incision, curving 
medially at the level of the patella to avoid injury to the 
vascular plexus. Using blunt dissection, the fascia is elevated 
off the vastus medialis down to its insertion until the lower 
border of the muscle is visualized. A transverse incision is 
then made through the tendinous insertion of the vastus 
medialis into the médial capsule, the trailing inferior edge 
of the muscle is mobilized, and the extensor mechanism is 
retracted anteriorly and laterally. The arthrotomy is then 
completed in standard fashion médial to the patellar ligament 
to the tibial tubercle. The patella is everted with the knee in 
extension; as the knee is slowly flexed, the vastus medialis is 
bluntly dissected from the intermuscular septum to complété 
the exposure. 


Midvastus Approach 

The midvastus approach 13-15 is a muscle-splitting approach 
that créâtes an interval within the substance of the vastus med¬ 
ialis and pursues an anatomie course midway between the 
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FIGURE 7-5. The médial parapatellar approach as originally described by von Lagenbeck and as illustrated 
by Abbott and Carpenter in 1 945. (Adapted from Abbott LC, Carpenter WF: Surgical approaches to the knee joint. 

J Bone Joint Surg Am 27:277-310, 1945.) 
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FIGURE 7-6. The subvastus approach. (A) Incision of the superficial fascia médial to the patella. (B) Using blunt dissection, the 
fascia is elevated off the vastus medialis. (C) Line of arthrotomy. (D) Completion of arthrotomy. The patella is everted with the 
knee in extension. (Adapted from Canale ST, Beaty JH: Campbell's Operative Orthopaedics, 1 lth ed. Philadelphia, Mosby Elsevier, 2008.) 
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médial parapatellar and subvastus approaches. Theoretically, 
proximal to the patella the extensor mechanism remains intact 
as the quadriceps tendon and adjoining vas tus medialis muscle 
are not incised. Préservation of a balanced muscle pull on the 
patella reduces the need for latéral retinacular release to achieve 
central patellar tracking. The midvastus approach may also 
avoid disruption of the suprême genicular artery, thereby pre- 
serving extraosseous patellar blood supply. Compared with the 
subvastus approach, patellar eversion is easier owing to the 
reduced bulk of the vas tus medialis. Notwithstanding these 
apparent advantages, care must be taken to use only blunt dis¬ 
section while developing the nonanatomical plane within the 
vastus medialis; injury to Crossing branches of the neurovascular 
pedicle may compromise circulation to the patella and dener- 
vate the vastus medialis muscle distal to the split. 

A standard anterior midline skin incision is made, and 
full-thickness médial and latéral subcutaneous flaps are raised, 
exposing the vastus medialis muscle (Fig. 7-7). The fascia 
overlying the muscle is incised parallel and 1 cm médial to 
the border of the quadriceps tendon and elevated from the 
underlying muscle fîbers, which are initially separated from 
the fascia using a scalpel and then by blunt digital dissection. 
Ultimately, the entire vastus medialis muscle is mobilized 
within its fascial compartment and, with the knee flexed to 
30 degrees, a large clamp is used to initiate a full-thickness 
split in the muscle fibers of the vastus medialis at the supero- 
medial pôle of the patella (Fig. 7-8). The first 1 cm of the split 
is accomplished with dissecting scissors, but more proximal 
exposure is restricted to blunt digital dissection to avoid injury 
to Crossing neurovascular structures. Arthrotomy is performed 
in standard fashion from the superior médial corner of the 
patella, along its médial aspect, to the tibial tubercle. Division 
of the synovial suprapatellar pouch deep to the quadriceps 
tendon facilitâtes mobilization and eversion of the patella. 

At the conclusion of the procedure, the tourniquet is 
released to allow inspection of the vastus muscle split to con- 
trol any bleeding that may resuit from injury to the neurovas¬ 
cular pedicle within the muscle. This maneuver will avoid 
problematic hematoma formation. 



FIGURE 7-7. The midvastus, muscle-splitting approach. (Adapted from 
Canale ST, Beaty JH: Campbeiïs Operative Orthopaedics, 11 th ed. Philadelphia, 
Mosby Elsevier, 2008.) 



FIGURE 7-8. The midvastus approach. A clamp is used to initiate the 
vastus medialis split at the superomedial corner of the patella. (From 
Kelly MJ, Rumi MN, Kothari M, et al: Comparison of the vastus-splitting and médian 
parapatellar approaches for primary total knee arthroplasty: A prospective, 
randomized study. Surgical technigue. J Bone Joint Surg Am 89[pt 1 ] 

(suppl 2):80-92, 2007.) 


Trivector Approach 

The trivector-retaining arthrotomy 16 is so named because it 
spares the anatomical trivector arrangement of the vastus 
medialis, the vastus intermedius and rectus femoris, and the 
vastus lateralis (Fig. 7-9). Theoretically, this main tains a bal¬ 
anced force on the patella that facilitâtes central tracking. 

From a standard midline skin incision, blunt dissection 
is used to identify the triangular tendinous insertion of the 
rectus femoris with the médial and latéral vastus muscle 
groups. An arthrotomy is started three finger-breadths above 
the superior pôle of the patella, approximately 1.5 to 2 cm 



FIGURE 7-9. The trivector approach. (Adapted from Scott WN [ed]: Insall and 
Scott's Surgery ofthe Knee, 4th ed. Philadelphia, Churchill Livingstone Elsevier, 2006.) 
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médial to the border of the quadriceps tendon, and 
continued distally in a straight line 1 cm médial to the patella 
to the tibial tubercle. 

Latéral Parapatellar Approach 

Valgus deformity represents a substantial challenge to the 
operative exposure necessary for total knee arthroplasty 
because ail of the standard approaches use a médial arth- 
rotomy and a latéral soft tissue release is essential to restor- 
ing frontal plane alignment in the valgus knee. A latéral 
arthrotomy was therefore proposed as appropriate for this 
circumstance, 17 but it is more involved and less familiar than 
the standard médial approaches. Nevertheless, its proponents 
cite several advantages, including decreased latéral skin 
undermining, more précisé soft tissue balancing, preserved 
vascularity of the skin and patella, and more rapid réhabilitation 
secondary to préservation of an intact médial quadriceps. 

The skin incision is curvilinear, staying latéral to the 
patella and 1 to 2 cm latéral to the tibial tubercle, following 
the Q angle of the knee. A latéral arthrotomy begins proxi- 
mally at the latéral border of the quadriceps tendon, 
continuing 1 to 2 cm latéral to the edge of the patella, and 
extending through the médial edge of Gerdy’s tubercle into 
the anterior compartment fascia (Fig. 7-10). Soft tissue release 
of the iliotibial band is performed at this stage. 

Osteoperiosteal élévation of the patellar ligament is then 
accomplished using a sharp osteotome, commencing at Ger¬ 
dy’s tubercle and extending to the médial border of the tibial 
tubercle. Release of the postérolatéral capsule and/or latéral 
collateral ligament is easily accomplished in the operative 
field. The patella is dislocated medially when the knee is 
flexed with a varus stress. 
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FIGURE 7-10. The latéral parapatellar approach. (Adapted from Keblish 
PA: The latéral approach to the valgus knee. Surgical technique and analysis 
of 53 cases with over two-year follow-up évaluation. Clin Orthop Relat Res 
(271):52-62, 1991.) 


OUTCOMES/RESULTS FOR TECHNIQUES 

The médial parapatellar approach is that most commonly used 
in total knee arthroplasty. In a recent survey of 86 surgeons in 
the United Kingdom, 92% preferred a médial parapatellar 
approach, with the remaining 8% using a midvastus or trivec- 
tor approach. 10 Despi te its popularity, the médial parapatellar 
approach is thought to compromise the extensor mechanism 
and be a major cause of complications following total knee 
arthroplasty. In one study, 12% of 495 primary total knee 
arthroplasties were associated with complications attributable 
to the approach, including patellofemoral instability and frac¬ 
ture of the patella. 1 Consequently, the subvastus, midvastus, 
and trivector approaches were ail born of a perceived need 
to preserve extensor mechanism function. 


Midvastus Compared With Médial Parapatellar 
Approach 

Engh et al. 13 first reported the results of the midvastus 
approach in 118 consecutive total knee arthroplasties and 
found that clinical outcomes were comparable to those with 
the standard médial parapatellar approach. Subséquent ran- 
domized prospective trials hâve consistently demonstrated a 
significantly lower rate of latéral release 18-21 and decreased 
initial postoperative pain. 21-23 Ability to perform a straight- 
leg raise in the early postoperative period has been shown 
to be either slightly improved 21 or not significantly differ¬ 
ent 20 from that with the médian parapatellar approach. No 
différences were noted between approaches with respect to 
length of stay or tourniquet time. 

Parentis et al. 20 demonstrated abnormal electromyo- 
graphic (EMG) changes in 43 % of patients with a midvastus 
approach compared with none with a médial parapatellar 
approach 6 months after operation. At 5-year follow-up, 24 
seven of the nine knees with EMG abnormalities had 
reverted to normal; ail seven knees had the vastus split devel- 
oped bluntly. The two knees with persistent EMG abnormal¬ 
ities had the vastus split developed by sharp dissection, yet 
neither had demonstrable functional compromise. Despite 
these concerns regarding the quadriceps innervation, another 
study demonstrated significantly greater quadriceps strength 
at 3 and 6 weeks after surgery compared with a médial 
parapatellar approach. 22 

One popular advantage of the midvastus approach is the 
préservation of a balanced force vector on the patella, thereby 
purportedly lowering the rate of patella-related complications. 
Ozkoc et al. 25 prospectively studied patients who underwent 
one-stage bilateral total knee arthroplasty with a midvastus 
approach on one side and a médial parapatellar approach on 
the other. At 2 years, there was no change in latéral patellar tilt 
on the midvastus side (2.24 to 2.57 degrees), while a signifi- 
cant increase in latéral patellar tilt was observed on the médial 
parapatellar side (2.19 to 5.38 degrees, p = 0.037). Similarly, 
latéral patella subluxation increased significantly at 6 weeks 
and 22 months from 0.57% to 5.43% (p = 0.009) and 
5.62% (p sb= 0.012), respectively. 
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Subvastus Compared With Médial Parapatellar 
Approach 

Since its initial description by Hofmann et al., 12 both rétro¬ 
spective and prospective trials hâve consistently shown no 
différences between the subvastus and médial parapatellar 
approaches with regard to range of motion and The Knee 
Society function scores. 26,27 Unlike the midvastus approach, 
however, no significant différences in patellar tracking hâve 
been observed between the subvastus and médial parapatellar 
approaches. 28 

Overall, earlier functional recovery has been demon- 
strated with a subvastus approach, with increased initial 
quadriceps strength compared with the médial parapatellar 
approach. 29,30 Long-term différences in strength hâve not 
been observed, however. Similar to the midvastus approach, 
the rate of latéral release is significantly less in patients 
undergoing a subvastus compared with a médial parapatellar 
approach. 26 

Midvastus and Subvastus Approaches 
Compared 

In one prospective study of bilateral total knee arthroplasty, 
Berth et al. 31 demonstrated significantly more knee pain after 
the subvastus approach compared with the midvastus side up 
to 6 months postoperatively (p — 0.02). They found no sig¬ 
nificant différences in maximal voluntary contraction and 
voluntary activation of the quadriceps. 

Trivector and Latéral Approaches 

No comparative studies hâve been performed to evaluate 
these approaches. 

SUMMARY/CONCLUSION 

Several different operative approaches hâve been popularized 
for total knee arthroplasty, with the most popular being the 
médial parapatellar approach. In an effort to minimize dis¬ 
turbance of the extensor mechanism and reduce related com¬ 
plications, other surgical approaches hâve been developed. 
The midvastus and subvastus approaches hâve been shown 
to be viable alternatives for primary total knee arthroplasty 
insomuch as they offer advantages of improved patellar 
tracking and the potential for better quadriceps function. It 
is clear that advances in operative technique for total knee 
arthroplasty will be focused on better préservation and less 
disruption of the extensor mechanism. 

FUTURE CONSIDERATIONS 

The présent minimally invasive arthroplasty movement has 
prompted the development of more unorthodox surgical 
approaches to the arthritic knee, most notably those providing 
side-to-side access rather than a conventional “head-on” view. 
While this initiative may be viewed as radical and of limited 


value, like other new and unpopular ideas, there will undoubt- 
edly be lessons learned from this expérience that will further 
refine our operative approach to total prosthetic replacement 
of the arthritic knee. 

SUGGESTED READING 

Abbott LC, Carpenter WF: Surgical approaches to the knee joint. 
J Bone Joint Surg Am 27:277-310, 1945. 

A fascinating article describing the various surgical approaches , most of 
which are now of historical value. It provides a useful anatomical 
perspective. 

Engh GA, Parks NL: Surgical technique of the midvastus arthrotomy. 
Clin Orthop Relat Res (3 51):2 70-274, 1998. 

The original description of the midvastus approach to total knee 
arthroplasty. 

Hofmann AA, Plaster RL, et al: Subvastus (Southern) approach for 
primary total knee arthroplasty. Clin Orthop Relat Res (269): 
70-77, 1991. 

The original description of the subvastus approach to total knee 
arthroplasty. 

Keblish PA: The latéral approach to the valgus knee. Surgical technique 
and analysis of 53 cases with over two-year follow-up évaluation. 
Clin Orthop Relat Res (271):52—62, 1991. 

The original description ofthe latéral approach to total knee arthroplasty. 
Kelly MJ, Rumi MN, et al: Comparison of the vastus-splitting and 
médian parapatellar approaches for primary total knee arthro¬ 
plasty: A prospective, randomized study. J Bone Joint Surg Am 
88:715-720, 2006. 

Longest follow-up study comparing functional and electromyographic results 
after midvastus and médial parapatellar approaches to total knee 
arthroplasty. 


REFERENCES 

1. Rand JA: The patellofemoral joint in total knee arthroplasty. J Bone 
Joint Surg Am 76:612-620, 1994. 

2. Abbott LC, Carpenter WF: Surgical approaches to the knee joint. 
J Bone Joint Surg Am 27:277-310, 1945. 

3. Colombel M, Mariz Y, Dahhan P, et al: Arterial and lymphatic sup- 
ply of the knee integuments. Surg Radiol Anat 20:35-40, 1998. 

4. Scapinelli R: Blood supply of the human patella. Its relation to 
ischaemic necrosis after fracture. J Bone Joint Surg Br 49:563-570, 
1967. 

5. Bonutti PM, Miller BG, Cremens MJ: Intraosseous patellar blood 
supply after médial parapatellar arthrotomy. Clin Orthop Relat Res 
(3 52):202—214, 1998. 

6. Chambers GH: The prepatellar nerve. A cause of suboptimal results 
in knee arthrotomy. Clin Orthop Relat Res 82:157-159, 1972. 

7. Hopton BP, Tommichan MC, Howell FR: Reducing latéral skin flap 
numbness after total knee arthroplasty. Knee 11:289-291, 2004. 

8. Johnson DF, Love DT, Love BR, et al: Dermal hypoesthesia after 
total knee arthroplasty. Am J Orthop 29(11):863—866, 2000. 

9. Jones R: Disabilities of the knee joint. BMJ 2:169-172, 1916. 

10. Malik MH, Chougle A, Pradhan N, et al: Primary total knee 
replacement: A comparison of a nationally agreed guide to best prac¬ 
tice and current surgical technique as determined by the North West 
Régional Arthroplasty Register. Ann R Coll Surg Engl 87:117-122, 
2005. 

11. Insall J: A midline approach to the knee. J Bone Joint Surg Am 
53:1584-1586, 1971. 

12. Hofmann AA, Plaster RL, Murdock LE: Subvastus (Southern) 
approach for primary total knee arthroplasty. Clin Orthop Relat 
Res (269):70-77, 1991. 

13. Engh GA, Holt BT, Parks NL: A midvastus muscle-splitting approach 
for total knee arthroplasty. J Arthroplasty 12: 322-331, 1997. 

14. Engh GA, Parks NL: Surgical technique of the midvastus arthrot¬ 
omy. Clin Orthop Relat Res (351):270—274, 1998. 

15. Kelly MJ, Rumi MN, Kothari M, et al: Comparison of the vastus- 
splitting and médian parapatellar approaches for primary total knee 
arthroplasty: A prospective, randomized study. Surgical technique. 
J Bone Joint Surg Am 89(pt l)(suppl 2):80-92, 2007. 



CHAPTER 7 Surgical Approaches for Primary Total Knee Arthroplasty: Old and New 89 


16. Bramlett KW, Haller WN, Krauss WD: The trivector-retaining 
arthrotomy. In Scuderi G, Tria, AJ (eds): Surgical Techniques in 
Total Knee Arthroplasty. New York, Springer, 2002, pp. 131-135. 

17. Keblish PA: The latéral approach to the valgus knee. Surgical tech¬ 
nique and analysis of 53 cases with over two-year follow-up évalua¬ 
tion. Clin Orthop Relat Res (271):52-62, 1991. 

18. Keating EM, Faris PM, Meding JB, et al: Comparison of the mid- 
vastus muscle-splitting approach with the médian parapatellar 
approach in total knee arthroplasty. J Arthroplasty 14:29-32, 1999. 

19. Maestro A, Suarez MA, Rodriguez L, et al: The midvastus surgical 
approach in total knee arthroplasty. Int Orthop 24:104-107, 2000. 

20. Parentis MA, Rumi MN, Deol GS, et al: A comparison of the vastus 
splitting and médian parapatellar approaches in total knee arthro¬ 
plasty. Clin Orthop Relat Res (367): 107—116, 1999. 

21. White RE Jr, Allman JK, Trauger JA, et al: Clinical comparison of 
the midvastus and médial parapatellar surgical approaches. Clin 
Orthop Relat Res (367): 117-122, 1999. 

22. Bathis H, Perlick L, Blum C, et al: Midvastus approach in total knee 
arthroplasty: A randomized, double-blinded study on early réhabili¬ 
tation. Knee Surg Sports Traumatol Arthrose 13:545-550, 2005. 

23. Dalury DF, Jiranek WA: A comparison of the midvastus and para- 
median approaches for total knee arthroplasty. J Arthroplasty 
14:33-37, 1999. 

24. Kelly MJ, Rumi MN, Kothari M, et al: Comparison of the vastus- 
splitting and médian parapatellar approaches for primary total knee 


arthroplasty: A prospective, randomized study. J Bone Joint Surg Am 
88:715-720, 2006. 

25. Ozkoc G, Hersekli MA, Akpinar S, et al: Time dépendent changes 
in patellar tracking with médial parapatellar and midvastus 
approaches. Knee Surg Sports Traumatol Arthrose 13:654-657, 
2005. 

26. Faure BT, Benjamin JB, Findsey B, et al: Comparison of the subvastus 
and paramedian surgical approaches in bilateral knee arthroplasty. 
J Arthroplasty 8:511-516, 1993. 

27. Matsueda M, Gustilo RB: Subvastus and médial parapatellar 
approaches in total knee arthroplasty. Clin Orthop Relat Res 
(371): 161—168, 2000. 

28. Bindelglass DF, Vince KG: Patellar tilt and subluxation following 
subvastus and parapatellar approach in total knee arthroplasty. 
Implication for surgical technique. J Arthroplasty 11:507-511, 1996. 

29. Chang CH, Chen KH, Yang RS, et al: Muscle torques in total knee 
arthroplasty with subvastus and parapatellar approaches. Clin 
Orthop Relat Res (398): 189-195, 2002. 

30. Cila E, Guzel V, Ozalay M, et al: Subvastus versus médial parapatel¬ 
lar approach in total knee arthroplasty. Arch Orthop Trauma Surg 
122:65-68, 2002. 

31. Berth A, Urbach D, Neumann W, et al: Strength and voluntary 
activation of quadriceps femoris muscle in total knee arthroplasty 
with midvastus and subvastus approaches. J Arthroplasty 22:83-88, 
2007. 


C H A P T E R 


8 


Soft Tissue Balancing during Total Knee 
Arthroplasty 


William M. Mihalko Kyle J. Messick Kenneth A. Krackow Léo A. Whiteside 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Soft tissue balancing during total knee arthroplasty (TKA) is an important step for optimizing the outcome of the 
procedure and providing a stable, durable joint. Soft tissue contractures from coronal plane deformities can pose a difficult problem, and a surgeon 
should hâve a standard approach to balancing varus and valgus deformities in the operating room. The purpose of this chapter is to review 
techniques used to balance both varus and valgus knee deformities during primary TKA. Clinical outcomes will also be reviewed to provide the 
reader a comprehensive viewpoint of this complex topic. 

IMPORTANT POINTS: 

1. lnstability after primary TKA is one of the major factors for early révision and poor outcomes. 

2. Intraoperative assessment of soft tissue balancing, using either a spacer block, laminar spreaders, or trial components, is a critical step in achiev- 
ing stability of the knee. 

3. With careful assessment of the flexion and extension gaps following bone cuts and osteophyte excision, most deformities can be successfully 
balanced using an algorithm of differential médial and latéral soft tissue releases. 

4. Most flexion contractures of less than 15 degrees can be corrected through soft tissue releases alone without changing the joint line by increas- 
ing the distal fémoral resection. 

CLINICAL PEARLS: 

1. In a varus knee, release of anteromedial structures tends to hâve a greater effect on the flexion gap, while release of more posterior structures 
on the médial side tends to hâve a greater effect on extension. 

2. In a valgus knee, structures inserting near the latéral épicondyle affect the flexion and extension gap, while the iliotibial band has a greater 
effect on extension, and the popliteus has a greater effect on flexion. 

3. The addition of posterior cruciate ligament release in a posterior stabilized knee increases the flexion gap to a greater degree while having 
little effect on the extension gap. 

4. Removal of osteophytes, including posterior fémoral condylar osteophytes, should be performed prior to assessing soft tissue balance, to avoid 
unnecessary release. 

5. Balancing deformity in a varus knee is typically performed on the tibial side of the joint, while balancing in a valgus knee is performed on the 
fémoral side. 

CLINICAL PITFALLS: 

1. One should always err on the side of less release initially to avoid overcorrection. 

2. If a complété médial release and posterior cruciate ligament sacrifice are carried out, the flexion gap may be significantly larger than the exten¬ 
sion gap, causing the jump height of the post to be exceeded. 

3. Allowing the flexion space to dictate fémoral rotation in the face of significant médial or latéral release for deformity may lead to excessive mal¬ 
rotation of the fémoral component. 

4. The origin of the popliteus lies inferior and anterior to the latéral collateral ligament origin. This must be considered when releasing the latéral 
collateral ligament to avoid concomitant release of the popliteus. 

5. Increasing the distal fémoral resection to improve a flexion contracture may raise the joint line and resuit in mid-flexion instability. 

VIDEO AVAILABLE: 

1. Computer assisted TKA. 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Proper soft tissue balancing during total knee arthroplasty 
(TKA) is paramount to ensure the long-term success of the 
operation. Instability after a primary total knee replacement 
has been reported as one of the major factors leading to early 
révision and poor outcomes. 1 Therefore, the surgeon must 
be prepared to properly balance the knee in both flexion 
and extension since even a minimal coronal deformity may 
necessitate some degree of soft tissue release for balancing 
and improved stability. 

Testing for soft tissue balancing during TKA was first 
popularized by Freeman and Insall with a spacer block or 
lamina spreader assessment of the extension and flexion gap 
of the knee intraoperatively. 2,3 For arthritic knees with sig- 
nifîcant varus or valgus deformity, this becomes an essential 
step during TKA to optimize the mechanical stability of 
the knee replacement. An inadéquate soft tissue release 
of the knee is usually associated with either instability or 
récurrence of deformity in the postoperative period. On the 
other hand, an overzealous release may produce instability 
on the contracted side of the joint or an increased flexion 
space that may lead to knee instability in flexion with a 
cruciate retaining (CR) implant or to post dislocation in the 
posterior stabilized (PS) knee due to exceeding the jump 
height in flexion. 4 

Many studies hâve reported on the effects of variable soft 
tissue releases in flexion and extension. 5-17 These cadaveric 
studies hâve usually been performed on knees without signif- 
icant deformity. Although these studies provide a useful ana¬ 
tomie map of the effective sequential soft tissue release on 
flexion and extension gaps, they may not completely simulate 
operating room scénarios. 

This chapter reviews clinical studies reporting outcomes 
of TKA in the varus and valgus knee and refers to past basic 
science reports to extend recommendations on soft tissue bal¬ 
ancing techniques in the operating room. These guidelines, 
along with the authors’ preferred methods, are reported to 
give an overview of the importance of soft tissue balancing 
and techniques of sequential soft tissue release during TKA. 

REVIEW OF BASIC SCIENCE AND SOFT 
TISSUE BALANCING 

Several anatomie studies hâve been published involving 
cadaveric models and testing techniques to measure the 
effects of differential anatomie structure releases about the 
knee. If we consider those studies that hâve described médial 
release techniques for the varus knee, one can realize several 
key concepts. 7,14,15 By breaking down the médial structures 
of the knee into anterior (superficial médial collateral liga¬ 
ment fibers [SMCLs]) and posterior (the posterior oblique 
ligament [POL] and semimembranosus [SM] fibers that coa- 
lesce into the posterior capsule), it has been observed that 
releases of the anterior structures tend to effectively increase 
the flexion gap more than the extension gap, while those 


structures more posterior tend to increase the extension gap 
more than the flexion gap. The addition of a posterior cruci¬ 
ate ligament (PCL) release for a PS knee increases the flexion 
gap far more than the extension gap when a complété médial 
release is realized. 

Whiteside et al. 14 used a valgus torque in a cadaveric 
model to study the effects of releasing the anterior portions 
and posterior oblique portions of the SMCL on the flexion 
and extension gaps of the knee, respectively. The PCL was 
preserved. Release of the anterior portion of the SMCL 
had a much greater effect on the flexion gap, and release of 
the posterior oblique portion had a much greater effect on 
the extension gap. Krackow and Mihalko 7 used a cadaveric 
knee model under distractive loads to détermine the influ¬ 
ence of different médial release sequences on the flexion 
and extension gaps. These changes were referred to as gap 
kinematics, and the authors determined that releasing the 
SMCL first allowed for the most effective release. When 
the SM and pes anserine tendons were released first, the rel¬ 
ative correction was small. The authors also noted a signifi- 
cantly larger flexion gap compared with extension with 
complété release of ail médial soft tissue structure studies 
(SMCL, SM, pes anserine, posterior capsule, and PCL). 

On the latéral side of the knee, those structures with 
attachments on or around the latéral épicondyle (the latéral 
collateral ligament [LCL] and popliteofibular ligament) when 
released effectively increase the gap in both flexion and exten¬ 
sion. This was first reported by Grood when he described the 
functional envelope of the knee. 18 The iliotibial band (ITB) 
as a dynamic structure is only in the coronal plane of move- 
ment and, when released, affects extension space almost 
exclusively. The popliteus affects mainly the flexion gap, since 
this structure is elongated as the knee is flexed. 6,9,12,18 

For valgus knee releases on the latéral side of the knee, 
Kanamiya et al. 9 reported on the effects in flexion and exten¬ 
sion of each anatomie structure. Using different sequences of 
release and isolating each structurel effect on the flexion and 
extension gap, it was concluded that the ITB and postérolat¬ 
éral capsule mainly affected the extension gap, whereas the 
LCL had effects on both the flexion and extension gaps. 
The popliteus was found to hâve more effect in flexion than 
extension. Mihalko and Krackow 6 also hâve reported on dif¬ 
ferent sequences of latéral sided release with similar findings. 
A two-fold increase in the flexion gap was noted when a full 
latéral release including the PCL was performed. Latéral flex¬ 
ion instability occurred when a full release of latéral knee 
structures was performed (including the LCL, popliteus, 
ITB, latéral gastroenemius tendon, and postérolatéral corner). 

The same authors hâve reported an investigation on the 
pie crusting technique of the postérolatéral corner for bal¬ 
ancing in the valgus knee. 11 They found a direct corrélation 
between the number of scalpel blade incisions and the effec¬ 
tive release for smaller releases. Larger releases were not rea¬ 
lized until the LCL was effectively released. Another study 
also investigated latéral structural release with a pie crusting 
technique using a cadaveric model. 12 They reported similar 
findings but did not investigate the amount of pie crusting. 
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These anatomie studies can give the surgeon an excellent 
guide as to how best approach flexion and extension gap 
imbalances in the operating room. Keeping in mind the prin¬ 
cipes of médial and latéral releases described in these studies 
will allow the surgeon to tackle these deformities directly 
without relying on increased implant constraint for stability. 

INTRAOPERATIVE ASSESSMENT OF 
BALANCING 

Two main variations exist in the techniques used to assess lig¬ 
ament balancing intraopératively. Following completion of 
ail tibial and fémoral bony cuts and removal of osteophytes, 
including posterior fémoral condylar osteophytes, some sur¬ 
geons will assess the flexion and extension gaps under a 
distractive load using spacer blocks, lamina spreaders, or ten- 
siometers (Fig. 8-1). Another technique involves using the 
trial prosthetic components as spacer blocks and applying 
varus and valgus stress in flexion and extension to assess the 
opening of the associated side of the knee and compare each 
side for balancing (Fig. 8-2). If the médial and latéral joint 
gaps are not balanced in both flexion and extension, spécifie 
releases should be performed. In a comparison cadaveric 
study it was concluded that a distractive force and trial com- 
ponent technique were équivalent. 17 These techniques are 
applicable regardless of what manufacturer or System is used. 
It is important to remove ail osteophytes prior to the assess- 
ment of balancing, since médial or latéral osteophytes may 
increase tension in the surrounding soft tissue structures, 
and posterior fémoral osteophytes may limit extension. 

Some surgeons recommend that rotation of the fémoral 
component be dictated by the flexion gap. After soft tissue 
balancing, the flexion space is balanced by rotating the fém¬ 
oral component to equalize the filling effect of the fémoral 
component in flexion. 19 This technique is often advocated 
for mobile bearing designed implants to allow gap equaliza- 
tion through fémoral bone cuts in flexion to ensure no imbal¬ 
ance and prevent bearing spin out in flexion. 



FIGURE 8-1. Intraoperative photograph using a tensioning device in 
flexion to assess gap symmetry. 



FIGURE 8-2. Intraoperative photograph with trial components in 
place are used as an effective spacer block. In this case, varus and 
valgus applied loads to assess the opening of the médial and latéral 
compartiments of the joint are used to assess the balance of the gaps 
intraoperatively. 

However, if a significant release of the médial or latéral 
structures in addition to release of the PCL is necessary, this 
may resuit in a larger flexion space compared to the exten¬ 
sion space. 7,14,17 With a varus knee, if a larger flexion space 
is présent after releases are performed, this may suggest an 
internai rotation of the fémoral component in order to bal¬ 
ance the flexion space. However, with significant internai 
rotation of the fémoral component, there are concerns that 
this may lead to patellar maltracking. 20,21 

One needs to be cognizant of the suggested fémoral 
rotation that the flexion gap may dictate and compare it to 
the traditional landmarks such as the epicondylar axis and 
the AP axis described by Whiteside and Arima. 22 If the flex¬ 
ion space is dictating an internally rotated fémoral compo¬ 
nent, then the surgeon should rethink this step. If the 
flexion gap is excessive, the surgeon may need to consider 
increasing the constraint of the implant to compensate for 
the possibility of instability, or if the jump height of a PS 
knee post is in question. 

VARUS KNEE ANATOMY AND 
STRUCTURAL RELEASE TECHNIQUES 

Ail osteophytes should be removed prior to undertaking any 
soft tissue releases. Alleviating impingement of soft tissue 
structures from impeding osteophytes alone can often be suf- 
ficient to provide a balanced flexion and extension gap. Avail- 
able soft tissue supporting structures about the knee can be 
classified as dynamic (musculotendinous) or static (capsular 
or ligamentous). On the médial aspect of the knee, the 
dynamic stabilizers are the pes anserine tendons and the 
SM, with the static stabilizers being the SMCL, POL, and 
the capsule. 

The SMCL has its tibial insertion on the médial aspect 
of the upper tibia and fémoral insertion on the médial épi¬ 
condyle. The SMCL is released off of the tibial insertion 
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using a subperiosteal technique to release the insertion from 
just médial to the pes anserine tendon insertion to the médial 
aspect of the upper tibia. The release may need to be taken to 
a distance of up to 6 to 8 cm distal to the joint line to obtain 
an effective release. The surgeon may elect to release a 
shorter distance (4 cm) initially, depending on how much 
correction is needed. One should always err on the side of 
less release initially (Fig. 8-3 A). The SMCL has been shown 
to affect both flexion and extension, but if one releases only 
the anterior portion, it has been shown to affect the flexion 
space more than the extension space and can be used in spé¬ 
cifie situations to aid in ligament balancing. 7,14 

Alternatively, division of the SMCL has been described 
at the level of the joint. 23 This technique identifies the con- 
tracted portion of the ligament, while the médial aspect of 
the joint is held under distraction with a laminar spreader. 
It should be emphasized that the POL and the posterior cap¬ 
sule should not be released when this technique is used due 
to the possible destabilization of the medal soft tissue sleeve. 
Therefore, this technique should be used for minor varus 
deformity cases. 

The POL fibers of the médial collateral ligament run in 
an oblique fashion from the upper aspect of the SMCL fibers 
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to the posteromedial aspect of the proximal tibial flare 
(Fig. 8-3 B). This structure is released by taking the insertion 
off subperiosteally from the médial apex of the tibial eut, 
directing the release at a 45-degree angle posteriorly. The 
POL is then released subperiosteally to the posterior aspect 
of the proximal tibia. The POL has been shown to affect 
mainly the extension space when released in cadaveric 
studies. 14 

The SM has a complex attachment to the posterome¬ 
dial aspect of the tibia, with five described insertion sites. 
The blending of the tendon to the posteromedial aspect of 
the tibia and posterior capsule is the area targeted for 
release if necessary. Release of this structure is usually only 
necessary in the significant varus deformity case. To release 
the SM, a subperiosteal technique is used to release its 
insertion from the posteromedial aspect of the proximal 
tibia. This will then allow the tibia to be externally rotated 
and allow easier access to the posteromedial aspect of 
the tibial resection. Before release of this structure, osteo- 
phytes in this région should be removed (Fig. 8-3 C). The 
posterior nature of its blended insertion with the capsule 
means its release will affect the extension space more than 
the flexion space. 

FIGURE 8-3 (A) Schematic représentation 
depicting attachment site of the médial soft 
tissue structures available for release. Typically 
6 to 8 cm may need to be subperiosteally 
released off of the tibia for an effective release to 
be realized. (B) Schematic représentation 
depicting attachment of the posterior oblique 
ligament portion of the superficial médial 
collateral ligament attachment on the 
posteromedial aspect of the proximal tibia. The 
more posterior aspect of this structure affects 
its support in full extension, and since the 
structure is more lax in flexion, it will hâve limited 
effect on the flexion gap. (C) Schematic 
représentation depicting attachment of the 
semimembranosus tendon and posterior 
capsule on the proximal tibia. These structures 
when necessary are released subperiosteally 
from the posteromedial aspect of the tibia. The 
more posterior nature of this structure means 
that when released, it will allow more effect in 
extension than flexion. 
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The insertions of the sartorius, gracilis, and semitendi- 
nosis lie in order from superior to inferior just médial 
to the proximal portion of the anterior crest of the tibia. Col- 
lectively, these pes anserine tendons are usually not consid- 
ered the first line of release for balancing the médial aspect 
of the joint, and their release is usually not used except for 
when a significant varus deformity is présent. These tendons 
are released subperiosteally from the proximal tibia and 
hâve been shown to affect extension more than flexion. 7 

A procedure involving osteotomizing the médial épicon¬ 
dyle has also been reported to aid in balancing and exposure 
of the combined varus and flexion contracted knee. 24 The 
technique involves osteotomizing the épicondyle, removing 
the attachments of the SMCL and adductors with a 2 x 2- 
cm portion of bone. Eversion of this bony fragment improves 
exposure of the médial structures and releases these struc¬ 
tures for balancing purposes. The epicondylar bone is 
repaired in appropriate ligamentous tension using two large 
sutures through the epicondylar fragment and condylar 
bone. If the posterior portion of the tibia is difficult to 
expose, one can consider performing a médial epicondylar 
osteotomy, but one should remember that the flexion gap 
may be affected more than the extension gap due to the loss 
of proximal support from the adductors in flexion. If this 
technique is used, we recommend that the PCL be preserved 
to limit the potential increase in flexion space. This tech¬ 
nique may hâve a high fibrous union rate due to the fact that 
the structures are not effectively elongated as when they 
are released from the tibial insertion, and therefore excess 
motion of the structures on the épicondyle may resuit. 

One of the senior authors (K.A.K.) uses a bone resection 
technique of the médial tibial plateau and downsizing of the 
tibial baseplate. 25,26 This technique provides soft tissue bal¬ 
ancing in the varus knee without interrupting the SMCL 
insertion on the tibia. The technique involves downsizing 
and lateralization of the tibial tray on the proximal tibia 
when acceptable (Fig. 8-4). Excess proximal tibial bone 


around the periphery of the médial aspect of the tibial tray 
is then removed to effectively allow more excursion of the 
soft tissue sleeve. This may allow for a more normal soft tis¬ 
sue attachment to be preserved distal to the joint line. The 
final effect is one of releasing the contracted médial soft tis¬ 
sue sleeve along with relative medialization of the tibial 
tubercle, which may enhance patellar tracking. 

With the presence of severe varus deformity, the possi- 
bility of significant loss of soft tissue support on the latéral 
or convex side of the lower extremity may exist. In these 
cases, one will find that with release of the soft tissue struc¬ 
tures listed earlier, there may be a continued gap imbalance 
due to redundant soft tissue support on the latéral side of 
the knee. If after complété release of the medial-sided struc¬ 
tures there continues to be an imbalance, the surgeon may 
consider advancing the LCL to correct the imbalance. This 
can be accomplished by osteotomizing the proximal fibula. 
The proximal fibular segment is first predrilled along the 
intramedullary canal for later fixation, and a transverse 
osteotomy of the proximal fibula is performed. Care is taken 
to protect the peroneal nerve as it courses around the neck of 
the fibula. With trial components in place, the proximal por¬ 
tion of the fibula with the LCL insertion is tightened until 
the ligament is providing adéquate support to the latéral 
joint. The level of overlapping bone is marked, and the 
excess is removed. The fibular head is then fixed in place 
with an intramedullary screw and washer. 

Alternatively, the LCL origin on the latéral épicondyle of 
the fémur may be advanced to provide latéral support. A run- 
ning locking stitch with nonabsorbable suture is used to pull 
the origin tight across the latéral épicondyle. The ligament is 
fixed with a s tapie at the épicondyle so as not to change the 
kinematics of the LCL, and the locking stitch is tied over a 
screw proximally. Postoperatively, the repair must be protected 
from varus stress with a hinged knee brace for 6 to 8 weeks. 27 

Occasionally, one may realize an overcorrection of the 
médial gap after release of several structures in an attempt 



FIGURE 8-4. (A and B) Intraoperative photograph depicting bone resection of the médial aspect of the tibia with slight undersizing of the tibial 
component seen here with a trial component in place. Effectively, this elongates the médial soft tissue sleeve and increases the size of the 
médial joint gap for an effective release. 
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to balance the knee. In this case, the surgeon should consider 
concomitant release of latéral structures to equalize the gap. 
It is prudent that in this case the surgeon assess for an iatro¬ 
génie SMCL lacération. In this case, an augmentation of 
the ligament with the semitendinosis or primary repair of the 
SMCL can be considered. A postoperative hinged brace can 
be used in these situations to protect the repair for a 6- to 
8-week period with weight bearing as tolerated and avoid- 
ance of any activity creating a coronal plane moment. 

Posterior Cruciate Ligament Retaining 
Considérations 

The PCL is a posterior and médial structure of the knee and 
therefore may be contracted in a varus deformed lower 
extremity. When the PCL is being retained, the structure 
must be assessed and balanced as well. In a varus knee, if 
the PCL is contracted, the fémoral condyle will typically 
articulate with the posterior third of the tibial component 
insert at 90 degrees of flexion and may resuit in lift-off of 
the tibial trial insert in flexion. There are three release tech¬ 
niques that can be used to balance a contracted PCL. One 
involves sharply releasing its origin off the intercondylar 
notch of the médial fémoral condyle. Another involves the 
subperiosteal release of its insertion on the posterior aspect 
of the tibia. The last technique involves removal of a V- 
shaped portion of bone from the posterior tibia that incorpo¬ 
râtes the entire bony insertion of the PCL, taking care not to 
disrupt the capsular attachment. This allows the structure to 
retain some soft tissue attachment while allowing the bony 
insertion to heal in an elongated State. Finally, if the PCL 
is involved in the deformity, and after release the fémoral 
condyles do not articulate with the posterior half of the tibia 
insert at 90 degrees of flexion, then conversion to a PS 
implant or use of a high anterior lipped liner must be used 
to prevent posterior sag of the knee postoperatively. 


PCL Substituting Considérations 

The PCL supports the flexion gap, and therefore when 
released the flexion gap will be greater than the extension 
gap. If a complété médial release and PCL sacrifice are car- 
ried out, the flexion gap may be excessive compared to the 
extension gap, and the jump height of a posteriorly stabilized 
post may be exceeded. For this reason it is recommended to 
increase the distal fémoral bone resection to aid in equalizing 
the gaps. Also, the tibia is usually eut without posterior slope 
to reduce the risk of this complication. One must be diligent 
in assessing the flexion gap in these cases, and when the 
jump height of a standard PS post is exceeded, a constrained 
condylar component may be necessary. 

Author's Preferred Technique Varus Knee 

This technique reflects the opinion of the author, but other 
methods as previously stated may be inserted for spécifie 


balancing scénarios as well. Once ail bone cuts and osteo- 
phyte excisions are carried out, the flexion and extension 
gaps are assessed by using trial components or a distraction 
method as described previously. One can refer to the 4x4 
matrix in Figure 8-5 listing the possible scénarios for the 
médial flexion and extension gaps as compared to the latéral 
side of the knee. If the médial side of the joint is tight in flex¬ 
ion and extension, the SMCL is released subperiosteally 
from the médial aspect of the tibia. If the knee continues to 
be tight, the release moves posteriorly around the tibia to 
the POL, followed by the SM using similar techniques and 
checking for soft tissue balance after each step. Prior to each 
release, the PCL is checked to make sure it is not contribut- 
ing to the deformity and is recessed if necessary. 

The posterior capsule and the pes anserine tendons are 
considered for continued imbalance, and, finally, if release 
of ail structures continues to fail to balance the knee, LCL 
advancement is considered. If the knee is tight medially in 
flexion only, the anterior aspect of the SMCL is considered 
first for release; conversely, the POL, SM, and posterior cap¬ 
sule are considered if the knee is only tight in extension on 
the médial side. 

For the PS knee, the surgeon needs to compensate for the 
increased flexion space created by release of the PCL. 5 This 
can first be addressed by increasing the distal fémoral resec¬ 
tion by 2 mm and eliminating posterior slope from the tibial 
resection. This will slightly increase the extension gap while 
minimizing the flexion gap. Intraoperative balance is then 
assessed by using a distraction technique or trial components 
similar to the CR algorithm earlier. Care must be taken to 
ensure that the combination of a complété médial release with 
loss of flexion gap support from PCL release does not lead to 
a situation where the flexion gap is greater than the extension 
gap on the médial side of the knee. Since a PS post does not 
lend stability in the coronal plane in flexion, the surgeon must 
make sure that the jump height is not exceeded in flexion. If 
this is of concern, increasing constraint to a condylar con¬ 
strained System may be necessary. Similar to the CR scénario, 
if complété médial release cannot equalize the médial gap, 
LCL advancement may be considered. 


VALGUS KNEE ANATOMY AND 
STRUCTURAL RELEASE TECHNIQUES 

Typically, valgus knee releases are performed from the fémo¬ 
ral side of the joint, unlike the varus balancing techniques, 
which are performed on the médial aspect of the tibia. Simi¬ 
lar to the médial side of the knee in a varus deformity, the lat¬ 
éral side of the knee has dynamic and static structures 
available for release. The dynamic structures include the 
ITB, the popliteus, and the latéral head of the gastroenemius, 
while the static structures include the LCL, postérolatéral 
corner (PLC), and the posterior capsule. It has been noted 
that structures that attach to or near the latéral épicondyle 
(LCL, popliteus, and PLC), if released, will hâve an effect 
throughout the flexion arc. 9,24 
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FIGURE 8-5. A 4 x 4 matrix can be thought of for an 
algorithm on handling soft tissue balancing of the varus knee. 
Each œil provides a list of structures to consider for release 
with the given scénario of the médial compartiment being too 
tight in flexion or extension or both. After release of each 
structure the knee is rechecked for balancing to see if the soft 
tissue sleeve has equilibrated in either flexion or extension. 

If this is the case, then structures in the corresponding matrix 
cell can be considered for release. Note that with a posterior 
cruciate ligament (PCL) sacrificing posterior stabilized (PS) 
total knee arthroplasty (TKA), that the increase in the flexion 
gap from loss of PCL support can be handled by making a 
tibial bone eut with no posterior slope and an increase in the 
distal fémoral eut by 2 mm. If an unstable increase in the 
flexion gap occurs with loss of the PCL or after releases hâve 
been performed with a cruciate retaining technique, the 
surgeon should consider increasing the implant constraint to a 
constrained condylar type of implant. SMCL, superficial médial 
collateral ligament; SM, semimembranosis; POL, posterior 
oblique ligament; LCL, latéral collateral ligament. 
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The ITB runs along the latéral aspect of the joint to its 
insertion on Gerdy’s tubercle. This structure can be released 
when necessary just above the joint line with the knee in full 
extension (Fig. 8-6). Several different techniques can be used 
to release the ITB: a direct transverse release above the joint 
line, a z-lengthening technique, or a pie crusting technique. 
Ail of these techniques allow the ITB to be effectively 
released and heal in an elongated position. No matter which 
technique is used, the ITB must be completely released until 
the biceps aponeurosis is visualized. If the posterior portion 
of the ITB is not released, the full effect of the release will 
not be achieved, since these fibers are tightest in this posi¬ 
tion. The ITB has been shown in cadaveric studies to affect 
mainly extension with little to no effect of release in flexion 
on varus stability but does destabilize rotation in flexion. 6,9 

To perforai a direct transverse release, the ITB is 
incised, leaving the underlying layer of capsule intact for 
the structure to scar into after it has healed. To perforai a 
z-lengthening, the ITB is isolated and care is taken to expose 
and include the most posterior fibers. The z-lengthening is 
performed in a usual manner and sutured together in an 
elongated position. To pie crust the ITB, multiple small inci¬ 
sions perpendicular to its fibers are made in an alternating 
grid-like pattern until the release is felt to be effective in full 
extension (Figs. 8 -6A-Ç). It should also be noted that at this 
level the peroneal nerve is coursing from the médial aspect of 
the biceps femoris to the latéral aspect of the fibular neck. 


Varus Knee Release Algorithm 

Full Extension 


Médial compartment too tight Médial compartment balanced 


1. Release the SMCL (or downsize 
tibial baseplate and resect médial 
bone)—recheck balancing 

2. Release the POL—recheck 
balancing 

3. Release the SM—recheck 
balancing 

4. Check PCL—recheck balancing 

5. Release posterior capsule— 
recheck balancing 

6. Release pes anserine tendons— 
recheck balancing 

7. Still tight consider LCL 
advancement 

1. Release the anterior 

SMCL—recheck balancing 

2. Release full SMCL— 
recheck balancing 

3. Check PCL before each 
release above 

1. Release the POL— 
recheck balancing 

2. Release the SMCL— 
recheck balancing 

3. Release the SM/Posterior 
capsule—recheck balancing 

© 


The LCL has its origin on the latéral épicondyle and 
runs over the insertion of the popliteus tendon. It is covered 
by superficial and deep lamina that blend into the PLC and 
joint capsule. The LCL is released from its origin on the 
fémur by sharp dissection. The relationship of the popliteus 
to the LCL needs to be appreciated to effectively release 
the LCL and avoid concomitant release of the popliteus. 
The LCL has its origin on the latéral épicondyle of the 
fémur, and the popliteus lies just beneath and anterior 
(Fig. 8-6D). The knee is placed in flexion and a Homan 
retractor is used to retract the patella to best visualize the 
structures around the latéral épicondyle (Fig. 8-6D). Care 
needs to be taken when releasing the LCL to avoid releasing 
the PLC as well. A significantly larger release will resuit 
if the PLC is released and may resuit in exceeding the 

6 9 

necessary correction. ’ 

The popliteus attaches to the posteromedial aspect of 
the tibia and travels laterally with its tendinous portion 
coursing intra-articularly to insert into a sulcus inferior to 
the latéral épicondyle. As mentioned earlier, the popliteus 
can be released from the fémur just anterior and inferior to 
the latéral épicondyle. This is best performed with the knee 
in flexion with a Homan retractor used to retract the patella. 
The tendon should be released from its insertion in the sul¬ 
cus inferior to the latéral épicondyle. If the tendon is released 
intra-articularly, it is thought that there is no chance for the 
structure to heal in a position with any fimetion. By releasing 






CHAPTER 8 Soft Tissue Balancing during Total Knee Arthroplasty 97 



FIGURE 8-6. (A) The iliotibial band (ITB) can be released 2 cm above the joint line and allowed to be scarred in at its elongated position. 
The forceps are against the biceps aponeurosis and it is apparent the posterior aspect of the ITB is more involved in the deformity. Note 
how the posterior aspect of the iliotibial band séparâtes more than the anterior since the more posterior aspect is tighter in full extension 
and typically more involved in the deformity. (B) To avoid possible hip instability of the ITB, this structure could be pie crusted or (C) z 
lengthened 2 to 8 cm from the joint line as an alternative. (D) The latéral collateral ligament (LCL) is released off of the latéral épicondyle 
by sharp dissection. The structure is then able to heal in its elongated position. The forceps on the left hâve the LCL isolated while the one 
on the right is showing the intact popliteus tendon. (E) The postérolatéral corner can be taken off of the fémur between the LCL and the 
posterior capsule. In the photograph shown, this has already been accomplished and now the posterior capsule is being released 
subperiosteally with a curved half inch osteotome. 
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it from the latéral épicondyle, it can scar to the fémur in 
an elongated manner and still provide some fimction 
(Fig. 8 -6D). Some believe that release of the popliteus may 
add to the occurrence of flexion instability, but the use of 
release of this structure for valgus knee balancing has been 
reported with good results. 22 

There is a very small area of capsule just posterior to the 
LCL that has a significant effect when released. This PLC 
consists of the popliteofibular ligament and capsule where 
the superficial and deep lamina of the LCL converge and 
can be released off of the fémur with the knee in flexion 
(Fig. 8 -6E). This structure can be released from the fémur 
just posterior to the LCL origin and is typically released after 
the LCL, which provides a better exposure to this area. Pie 
crusting of the PLC has been reported and advocated by 
Elkus et al. 28 to avoid instability of the knee postoperatively. 
This technique involves multiple stab incisions of the tight 
PLC and ITB structures until an effective release is attained. 
One should be cautious of the proximity of the peroneal 
nerve when performing this release, because it may be 
located at a depth less than that of a scalpel blade. 11,12 
Release of the PCL has effects throughout a flexion arc of 
the knee. 

The posterior capsule blends into the latéral gastrocne- 
mius origin as it inserts into its own condylar ridge in the 
postérolatéral aspect of the latéral fémoral condyle. A lat¬ 
éral posterior capsular release can effectively release the 
latéral head of the gastrocnemius. It is released in a subper- 
iosteal manner with the knee in flexion, and care is taken to 
assess for bleeding from the superior geniculate artery in 
this région (Fig. 8 -6E). Release of the posterior capsule has 
been shown to mainly affect the extension gap, and has been 
shown to be helpful in correcting a combined valgus and 
flexion deformity as well. 10,29 

The latéral approach to the valgus knee was described 
first by Keblish, and has had a number of modifications over 
time. 30,31 The technique involves a latéral retinacular 
approach incorporating release of a number of latéral struc¬ 
tures and can be useful in balancing a valgus knee. Various 
descriptions hâve involved releasing the ITB by élévation 
off of Gerdy’s tubercle, z-lengthening, V-Y plasty, or pie 
crusting 8 to 10 cm proximal to the joint line if necessary. 
Release of the PLC and arcuate complex hâve also been 
described as part of the approach if necessary. The LCL 
and popliteus are exposed and available for release as well. 
Keblish reported on 53 knees where 50 resulted in good to 
excellent results based on the New Jersey Orthopédie Hospi¬ 
tal S coring System and concluded that this was a good alter¬ 
native surgical option in these patients. 

When incomplète balancing of the gap is accomplished 
with complété release of structures, the surgeon should con- 
sider soft tissue advancement of the MCL. This can be 
accomplished either proximally on the fémur or distally on 
the tibia. By first taking the insertion sharply off the médial 
épicondyle and incorporating the entire SMCL in a running 
locking stitch, the entire SMCL can be pulled proximally to 
appropriate tension to provide médial support with the trial 


components in place. The ligament is then fixed at the 
médial épicondyle with a soft tissue staple, reestablishing 
the kinematics of the MCL. The running locking stitch is 
then tied over a screw and washer placed proximal to the 
médial épicondyle. A similar technique can be used to fix 
the ligament in a new position of proper support on the 
proximal tibia as well. The patient should be protected from 
valgus stress postoperatively using a hinged brace for 6 to 
8 weeks with the brace allowing a free amount of flexion. 27 

When a latéral release gives overcorrection and a larger 
latéral gap, a compensatory médial release as described in 
the previous sections can be considered to equalize the gaps. 

PCL Retaining Considérations 

The PCL is a posteromedial structure and is often redundant 
in the valgus knee. Therefore, it is usually not in need of bal¬ 
ancing. This is important for the surgeon to remember, how- 
ever, so that proper testing of the support lent to the valgus 
knee during the procedure can be undertaken. If the poste¬ 
rior fémoral condyles are articulating on the anterior half 
of the tibial insert with the knee at 90 degrees of flexion, 
the surgeon should consider conversion to a PS or anterior 
lipped tibial insert to avoid postoperative instability. 

PCL Substituting Considérations 

In the valgus knee, if the deformity is in need of a signifi¬ 
cant amount of soft tissue releases and the PCL is sacri- 
ficed, there is a significant chance of having a discrepancy 
between the latéral flexion and extension gaps. As in the 
case with a varus knee, the surgeon must be aware of this 
possibility since the jump height of the PS post may be 
exceeded in flexion. Care should be taken to test the com- 
petency of the flexion gap in comparison to the height of 
the PS post. In PS knee designs, pie crusting of the struc¬ 
tures noted in the valgus knee section above may aid in 
avoiding this scénario. 

Author's Preferred Technique Valgus Knee 

The valgus knee is approached through a standard médial 
par patellar approach. As in the varus knee, ail bone cuts 
and osteophyte excision are carried out prior to soft tissue 
balance assessment. Depending on the results of this assess- 
ment, the considered structures for release are determined. 
Figure 8-7 provides a 4 x 4 matrix listing structures to con¬ 
sider for release on the latéral side of the knee given the four 
different scénarios. If the knee is tight laterally in flexion and 
extension, the LCL is considered for release. The PLC and 
popliteus are also considered for release with continued 
imbalance throughout a flexion arc following LCL release. 
If at any time the knee becomes imbalanced in flexion or 
extension, different structures are considered. For tightness 
in extension, the ITB is released first, followed by the poste¬ 
rior latéral capsule and the latéral head of the gastrocnemius. 
If the knee is still tight in flexion, the condylar attachment 
structures (LCL, popliteus, and PLC) are released. In the 
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Valgus Knee Release Algorithm 


Full Extension 


Latéral compartment too tight Latéral compartment balancée! 
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1. Release the LCL—recheck 
balancing 

2. Release the popliteus— 
recheck balancing 

3. Release the postérolatéral 
corner—recheck balancing 

4. Release the latéral head of the 
gastroenemius—recheck balancing 

5. Consider MCL advancement 

1. Release the popliteus— 
recheck balancing 

2. Consider LCL or 
postérolatéral corner 

1. Release the ITB —recheck 
balancing 

2. Release the posterior 
capsule—recheck balancing 
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FIGURE 8-7. A 4 x 4 matrix for considérations in the valgus knee 
can aid in handling imbalance in flexion and extension during a 
total knee replacement. In each case after release the balancing is 
rechecked in flexion and extension. If an imbalance continues 
to be présent then the next structure listed in the cell of the 
matrix is considered for release. Note that with a posterior cruciate 
ligament (PCL) sacrificing posterior stabilized (PS) total knee 
arthroplasty (TKA) that the increase in the flexion gap from loss of 
PCL support can be handled by making a tibial bone eut with 
no posterior slope and an increase in the distal fémoral eut by 
2 mm. If an unstable increase in the flexion gap occurs with loss 
of the PCL or after releases hâve been performed with a cruciate 
retaining technique, the surgeon should consider increasing the 
implant constraint to a constrained condylar type of implant. ITB, 
iliotibial band; LCL, latéral collateral ligament; MCL, médial 
collateral ligament. 


author’s opinion, using this algorithm, the knee can usually 
be balanced, but if ail structures are released and a disparity 
still exists, the MCL can be considered for advancement. 

For the PS valgus TKA, the same balancing algorithm 
is used, but the distal fémoral resection is increased by 
2 mm and the tibia is eut without posterior slope. Once 
the extension gap is balanced, care is taken to assess the 
flexion gap to ensure that the jump height of the PS post 
is not exceeded. If this occurs, a constrained condylar 
implant is considered. Finally, if ail structures are released 
and the latéral gap is still tight, the SMCL is advanced to 
equalize the gaps, and the patient is protected postopera- 
tively in a hinged brace. 

COMBINED FLEXION CORONAL PLANE 
DEFORMITY 

Most flexion contracture deformities can be corrected 
through soft tissue releases alone. 10,24 More distal fémoral 
bone resection may be necessary when a significant flexion 
contracture présents itself, and extensive soft tissue releases 
fail to reproduce full extension of the knee. This will typi- 
cally increase the extension space while preserving the 
flexion gap. Although this is an attractive solution, one 
should remain wary of instability in mid-flexion with this 
technique. By taking an additional distal fémoral eut, one 
runs the risk of raising the joint line, which will resuit in 
laxity of the collateral ligaments from 30 to 60 degrees 
of flexion. When a severe flexion contracture can only be 
corrected after significant soft tissue releases combined 
with increased distal fémoral resection, with résultant mid- 
flexion instability, one may consider increasing constraint 
of the implant used. 


Most flexion contractures can be handled with soft tissue 
balancing alone without the need for increased distal fémoral 
resection and movement of the joint line. Whiteside and 
Mihalko 10,29 hâve reported on a clinical sériés of total knee 
replacements where only 2% of the cases necessitated 
increasing the distal fémoral resection to correct the flexion 
deformity intraoperatively. The surgeon should make sure 
that the distal fémoral resection is not skewed by measure- 
ment off of a distal fémoral osteophyte, which could make 
the distal fémoral resection smaller. Once the soft tissue 
sleeve is released to obtain médial and latéral gap balance, 
the sleeve will in most cases allow full extension to occur. 

If the flexion contracture persists after soft tissue balanc¬ 
ing, the posterior capsule on the concave side of the defor¬ 
mity should be released, making sure that the capsule is 
released subperiosteally from the fémur. Care should be 
taken to avoid overzealous release in this area to lessen the 
risk of injury to the superior geniculate vessels, which may 
be difficult to coagulate in this area. If the flexion contracture 
persists after posterior capsular release, more bone should 
then be taken from the distal fémur. 

One should resist the urge to release the PCL in this sit¬ 
uation since it does not contribute to the flexion contracture 
deformity. It has been shown experimentally as well as in 
reported clinical sériés that the PCL affects the flexion gap 
much more than the extension gap. 5 The clinical data has 
been reported in two separate sériés showing that, in the face 
of significant flexion contractures, release of the PCL is not 
necessary to obtain full extension. 10,29 If one is performing 
a PS TKA, an increase in the disparity between the flexion 
gap and extension gap can occur. If this is the case, care 
should be taken to make sure the jump height of the post 
is not exceeded. Using a larger fémoral component with 






100 PRIMARY TOTAL KNEE ARTHROPLASTY 


anterior referencing can also aid in making sure the flexion 
gap is not excessive in this scénario. 

When a recurvatum sagittal deformity présents itself, 
component positioning and sizing can aid in correcting the 
deformity. By decreasing the height of the distal fémoral 
resection and decreasing the size of the fémoral component 
using anterior referencing, the surgeon can equal the flexion 
and extension gaps. If the joint line is lowered too much, the 
surgeon may be faced with tightness of the collateral liga¬ 
ments in mid-flexion. This can usually be corrected with 
titrating the distal fémoral resection and increasing the tibial 
insert size to offset the increase in extension gap. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Many studies in the literature concerning clinical outcomes 
hâve been reported and give the surgeon a guide to the suc- 
cess of the techniques reported here in previous sections. 
Krackow et al. 32 reported on a sériés of 99 type I (latéral 
compartment bone loss and intact médial soft tissue support) 
and type II (latéral bone loss and attenuated médial sup¬ 
port) valgus deformed knees that required a soft tissue 
balancing procedure and compared them to a sériés of 
matched patients with less than 5 degrees of deformity. Type 
I deformity knees were treated with latéral soft tissue 
releases, and type II with a combined médial soft tissue tight- 
ening or advancement procedure. They reported fewer excel¬ 
lent results according to The Knee Society scores in the 
deformity group compared with the no-deformity group 
(72% versus 97.5%). Both deformity groups were statistically 
identical when comparison of satisfactory ligament support 
was recorded by clinical laxity examination. 

Mullaji et al. 26 reported the outcomes of severe varus 
deformity of more than 20 degrees of tibiofemoral angle 
measured preoperatively radiographically in 173 knees in 
117 patients. The technique in these severe deformity cases 
that did not involve extra-articular deformity was a combina¬ 
tion of soft tissue releases with PS implants and cruciate exci¬ 
sion in ail cases. The soft tissues used for balancing included 
the posteromedial capsule and SM for exposure. The tibial 
component was downsized when balancing was not obtained, 
and successive resection of posteromedial and médial tibial 
bone was performed until the gaps were balanced. If the knee 
was not balanced at this point, further release of the SMCL 
and pes anserine tendons was performed. Postoperative 
tibiofemoral angle was restored to 5.3 degrees valgus with a 
range of 2 degrees valgus to 9 degrees varus. At an average 
of 2.6 years of follow-up, The Knee Society score increased 
on average from 22.8 to 91.1 with the functional score 
increasing from a mean of 22.8 preoperatively to a mean of 
72.1 postoperatively. Nine patients had extra-articular defor¬ 
mity, with 6 of them necessitating a concomitant osteotomy 
for correction. 

Dixon et al. 25 reported on a sériés of 10 patients with 12 
varus knees at the time of TKA with an average of 24 degrees 
of deformity. Their technique used posterior cruciate réten¬ 
tion and a downsized tibial base plate by one size shifted 


laterally with excision of the médial bone of the tibia. Ail 
12 knees were balanced using this technique with no further 
releases necessary. The tibiofemoral angle was corrected to a 
mean of 4 degrees valgus, and at a mean follow-up of 42 
months, The Knee Society score increased from 24 preoper¬ 
atively to 94 postoperatively. The functional scores increased 
from a mean of 34 preoperatively to 85 postoperatively. 

Stern et al. 33 reported on 134 knees with a valgus defor¬ 
mity of 10 degrees or greater. They reported 71 % excellent 
and 20% good results as determined by The Knee Society 
and function scores and thought that these knees represented 
a greater challenge to the surgeon. Most knees were handled 
by using a PS component (118 TKAs) with soft tissue balanc¬ 
ing technique of fémoral sided structural release. Most knees 
required a latéral retinacular release (76%). 

Elkus et al. 28 reported on clinical outcome of more than 
400 valgus deformed knees that had undergone TKA. The 
release technique used inside-out pie crusting of the postérolat¬ 
éral aspect of the capsule in conjunction with pie crusting of the 
ITB. This technique was adopted due to a previous rétrospec¬ 
tive review that reported on many patients (24%) with soft tissue 
instability using a previous technique that combined release of 
the latéral retinaculum, ITB, and latéral collateral ligament 
and popliteus tendon off of the fémoral attachments. 34 Using 
the pie crusting technique, there were no reported cases of 
delayed instability, an average range of motion of 110 degrees, 
and alignment of 5 degrees postoperatively (from 15 degrees 
valgus preoperatively). The authors concluded that this tech¬ 
nique provided improved clinical results. 

Outcome studies of combined deformity with varus and 
flexion contractures or valgus and or recurvatum hâve been 
reported. Teeny et al. 35 compared a group of varus knees (27 
TKAs) with a minimum of 20 degrees of varus deformity to a 
sériés of patients with less than 5 degrees of varus (40 TKAs) 
deformity. The deformity group had less flexion (98 degrees) 
compared with the no-deformity group (107 degrees), and the 
knee scores were significantly less in the deformity group at an 
average follow-up of 58.7 months. The residual postoperative 
deformity was 3 degrees in the deformity group and 0 degrees 
in the no deformity group. The deformity knees were handled 
with soft tissue balancing through subperiosteal release of 
structures from the médial aspect of the tibia, and where 
appropriate a more constrained type of implant was also used. 

Whiteside and Mihalko 10,29 reported on outcomes of 
varus and valgus knees with combined flexion contractures 
using a definitive sequence of soft tissue releases. The 
authors recommended that soft tissue balancing efforts be 
afforded prior to using increased distal fémoral resection 
for handling the flexion contracture component of the defor¬ 
mity since balancing the knee nearly always corrected the 
flexion contracture in their sériés of patients, regardless of 
whether the flexion contracture was présent in a varus or val¬ 
gus knee. The authors also reported that the amount of the 
flexion contracture correlated well with the magnitude of 
the coronal plane deformity in ail cases. 

Engh et al. 24 reported on combination flexion and varus 
deformity using a médial epicondylar osteotomy for exposure 
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and for ligament balancing. They reported 89% good or 
excellent results according to knee society and fnnction 
scores with no significant laxity at full extension or 30 
degrees flexion. They did not report results of the patient’s 
stability examination in 60 or 90 degrees of flexion. Forty 
one patients were successfully treated. There was a 46% 
fibrous union rate of the osteotomized épicondyle. In gen¬ 
eral, these knees were asymptomatic other than some local 
tenderness at the fibrous union site. 

SUMMARY/CONCLUSION 

Varus and valgus deformity of the knee must be corrected dur¬ 
ing TKA using bone cuts and soft tissue balancing after osteo- 
phyte excision. The reviewed structures available for release in 
the proper situation will aid in balancing the knee during 
TKA. With careful assessment of the flexion and extension 
gaps of the knee after bone cuts and osteophyte resection, 
one can usually successfully balance the joint gaps using the 
structures and algorithms listed previously. Care should be 
taken not to leave the joint gaps unbalanced or with a residual 
flexion contracture or recurvatum deformity. Either of these 
can significantly affect the longevity of the knee replacement 
or the perceived outcome of the total knee by the patient 
and may resuit in delayed soft tissue imbalances. 

SUGGESTED READING 

Grood ES, Stowers SF, Noyés FR: Fimits of movement in the human 
knee: Effect of sectioning the posterior cruciate ligament and 
postérolatéral structures. J Bone Joint Surg Am 70A:88-97, 1988. 
This study reviews the supportive effects of anatomical structures on the 
latéral side ofthe knee as well as the PCL. 

Kanamiya T, Whiteside FA, Nakamura T, et al: Effect of sélective latéral 
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paper]. Clin Orthop Rel Res 404:24—31, 2002. 
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Whiteside FA, Mihalko WM: Surgical procedure for flexion contracture 
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189-195, 2002. 
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Sizing and Balancing: Gap Technique versus 

Measured Resection 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The surgical technique in total knee arthroplasty (TKA) has continued to evolve from the initial techniques of the 
modem total knee replacement as described by John lnsall. From the two camps of posterior cruciate sacrificing and posterior cruciate retaining TKA 
Systems came two théories of surgical technique: gap balancing with classic alignment and measured resection with anatomie alignment, 
respectively. lmproved understanding of the surgical pitfalls as well as implant improvements hâve led to a graduai intégration of the two 
techniques to provide reliable clinical results regardless of the type of implanted knee replacement. 

IMPORTANT POINTS: 

1. The goals of TKA are to return the prosthetic knee joint to a near neutral mechanical alignment in order to place equal stress on each tibiofe- 
moral compartiment. 

2. Gap balancing has traditionally been associated with posterior cruciate substituting total knee implants. The basic principles are to produce 
equal flexion and extension gaps by performing soft tissue releases before considération of bony resection. 

3. Rotation of the fémoral component must be accurately assessed as it may produce an asymmetric flexion gap as well as lead to patellar 
maltracking. 

4. Sagittal balancing is performed with either anterior or posterior referencing with the pitfalls being notching/overstuffing the anterior compart¬ 
iment versus overresection/underresection of the posterior condyles. 

5. Measured resection has been linked with posterior cruciate retaining implant designs. A "measured resection" is performed to resect equal 
amounts of bone and replace with implant thickness. The joint line should be restored to the prearthritic level to hâve the posterior cruciate 
ligament function normally. 

6. In most Systems, these two surgical théories hâve been integrated to maintain the joint line at its anatomie location, while balancing the flexion 
and extension gaps equally. 

CLINICAL/SURGICAL PEARLS: 

1. Regardless of surgical technique, the mechanical alignment after total knee replacement should be placed in neutral overall alignment with 
the tibial resection performed in neutral and 5 to 7 degrees of valgus alignment for the distal fémoral resection. 

2. Fémoral rotational alignment should be assessed accurately, and it may be necessary to use more than one technique to accurately confirm 
rotation in certain circumstances. 

3. With the gap balancing technique, if the flexion and extension gaps are not balanced, one should assess soft tissue balancing prior 
to performing an additional bony resection. 

4. Regardless of anterior or posterior referencing, to obtain sagittal balance, one should optimize sagittal component sizing without overresection 
of the posterior condyles as well as preventing notching or overstuffing the anterior compartiment. 

5. In measured resection technique, the bony resection depth should equal the implant thickness. The main goal is to restore the joint line to 
its anatomie location. 

6. A posterior cruciate ligament that is too loose will be incompetent and may not provide the anatomie fémoral roll back required to obtain 
full flexion. 

7. A "tight" posterior cruciate ligament will produce increased stresses posteriorly. This should be recognized intra-operatively with the trial 
components in place, where there will be "lift-off" of the trial insert with flexion. 

8. With the intégration of techniques, regardless of implant design, a measured resection is attempted, followed by assessment of the soft tissues 
to balance the flexion-extension gaps. 

CLINICAL/SURGICAL PITFALLS: 

1. One should be comfortable with several methods to assess fémoral rotation, as reliance on one technique could lead to surgical errors, 
especially with anatomie abnormalities. 
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2. When sizing a total knee implant in the sagittal plane that is in between sizes: with posterior stabilized implant Systems, one should avoid 
downsizing the implant size and overresecting the posterior condyles. In cruciate retaining designs, one should avoid upsizing to the larger size, 
as this would create a tight flexion gap that may require partial posterior cruciate ligament release. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE OF 
THE PROBLEM 

The continuée! evolvement of total knee arthroplasty (TKA) 
has led to its long-term clinical success and durability. The 
surgical technique has been refined as well as improvements 
in implant fixation, design, and inventory. Current techniques 
to optimize patient recovery, including “less invasive surgical 
techniques” and perioperative pain control protocols, hâve 
improved the short-term results; however, the modem surgi¬ 
cal technique pioneered by John Insall continues to provide 
the basic principles toward a successful, durable TKA. 

ANATOMIC KNEE ALIGNMENT 

The évaluation of knee alignment can be assessed in a static 
and dynamic fashion. Osseous changes as well as ligamen- 
tous compétence may affect what is considered overall 
“normal” knee alignment. Muscle imbalances may affect 
the dynamic alignment of the knee. Assessment of knee 
alignment is important in three positions: weightless, stand¬ 
ing, and with ambulation. A “weightless” or supine évalua¬ 
tion permits évaluation of ligament compétence, range of 
motion, and patella tracking, while standing and ambulation 
will demonstrate any changes in the overall static and 
dynamic alignment of the knee. 

Although caution should be used to describe “normal,” 
there is a general consensus regarding what should be con¬ 
sidered normal knee alignment. 1,2 The mechanical axis 
of the leg is a straight line drawn from the center of 
the hip joint to the center of the ankle joint. With neutral 
alignment, the mechanical axis will bisect the knee joint 
(Fig. 9-1). Variability in fémoral neck length and offset, 
fémoral and tibial bowing, and fémoral length can affect 
what is considered “normal.” 3,4 Generally speaking, there 
is 6 or 7 degrees of valgus alignment between the long 
axis of the fémoral and tibial shafts. The axis of the knee 
joint is approximately 3 degrees from perpendicular to the 
midline vertical axis of the body. This alignment places 
a larger distribution of body weight through the médial 
compartment of the knee. 5-7 
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FIGURE 9-1. (A) Normal mechanical axis of lower extremity. 

(B) Anatomie versus mechanical axis of lower extremity. [Adapted 
from Scott WN (ed): Insall-Scott Surgery of the Knee, ed 4. New York, Churchill 
Livingstone, 2005.] 


patients with osteoarthritis of the knee. Should a prosthesis 
attempt to mimic normal knee alignment and place more 
load through the médial compartment? Should other patho¬ 
logie factors affect how the prosthetic knee alignment is 
placed? For example, should the alignment be changed to 
neutral in a patient who has lived his or her entire life with 
a bow-legged alignment? 


KNEE ALIGNMENT IN TOTAL KNEE 
REPLACEMENT 

In the infancy of TKA, there was much debate regarding 
how one should restore knee alignment, especially with the 
severe varus or valgus alignments that can be présent in 


Classic Alignment 

Mechanical alignment in TKA has generally been divided 
into two camps: classic and anatomie alignment (Fig. 9-2). 
John Insall supported the principles of classic alignment in 
which the prosthetic knee replacement should distribute the 
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FIGURE 9-2. (A) Classic alignment in TKA. (B) Anatomie alignment 
in TKA. [Adapted from Scott WN (ed): Insall-Scott Surgery of the Knee, ed 4. 
New York, Churchill Livingstone, 2005.] 


body loads symmetrically across the knee joint. This would 
avoid overloading one compartment. Hsu et al. 5 confirmed 
that a neutral tibial resection followed by a 7-degree distal 
fémoral resection provided equal stresses in the two com- 
partments. An oblique tibial resection places uneven stresses 
on the proximal tibia, which can preclude prématuré clinical 
failure of the prosthesis. 8,9 

In classic alignment, the prosthetic knee joint is placed 
parallel to the ground. The tibial resection is performed per- 
pendicular to the long axis of the tibia. It is more reproduc- 
ible to make a eut that is perpendicular to the long axis of 
the tibia, rather than an oblique eut. Furthermore, with the 
importance of tibial rotation, any rotational errors will be 
compounded with the requirement of a 3-degree médial 
and 10-degree posterior sloped eut. Further diffîculty lies 
in the face of severe bone deformities as normal anatomie 
landmarks may be obscured. 

The distal fémoral resection that sets the alignment in 
full extension is generally performed at 5 to 6 degrees of 
valgus. The distal fémoral resection is performed with an 
intramedullary or extramedullary guide that will provide 
the 5 to 6 degrees of valgus off of the anatomie axis of 
the fémur. Newer techniques using computer navigation 
hâve avoided violation of the fémoral intramedullary canal 
to perform this resection. 


Classic alignment may change the “normal” alignment 
of some patients whose pre-arthritic alignment may hâve 
been outside what is considered “normal.” In order to avoid 
drastic changes, in the neutral and varus knees, cuts are per¬ 
formed at 5 to 6 degrees of valgus, while in the valgus knee, 
the distal fémur is eut at 4 to 5 degrees. Furthermore, in 
certain situations such as the obese patient, it is important 
to avoid excessive valgus as this may cause soft tissue irrita¬ 
tion between the two legs. 

Traditionally, to obtain optimal information regarding 
the distal fémoral resection angle, one would be able to accu- 
rately measure the distal fémoral eut angle by assessing the 
mechanical and anatomie axes of the fémur with a radiograph 
from the hip to the ankle, especially in light of any deformity. 
McGrory et al. 10 determined that there was no différence 
in the postoperative mechanical alignment whether an arbi- 
trary number of 5 degrees was chosen versus actual measure- 
ment of the distal fémoral eut angle. Furthermore, the 
reliability of measurements made with these long-standing 
radiographs has been called into question. 11 


Anatomie Alignment 

The anatomie alignment was used by David Hungerford 
for use in cruciate retaining designs to maintain the ana¬ 
tomie position of the joint line. Fémoral valgus was set at 
9 to 10 degrees, while the proximal tibial resection was 
performed at 3 degrees of varus. The overall mechanical 
alignment of 6 degrees of valgus was maintained. In addition, 
the anatomie posterior slope of approximately 10 degrees is 
maintained. Hsu et al. 5 confirmed that in a cruciate retaining 
design, this did provide even force distribution. 


Alignment with Computer Navigation 

Computer navigation has been introduced to improve over¬ 
all knee alignment in both the coronal and sagittal plane, as 
well as the rotational alignment of implants. Numerous 
studies hâve evaluated the theoretical improvements in knee 
alignment provided with computer navigation. Most report 
a réduction in outliers with the use of computer naviga¬ 
tion. 12,13 Kim et al. 14 report no improvement with the 
addition of computer navigation in a study composed of 
100 patients. A meta-analysis of 33 studies (11 randomized) 
including 3423 patients concluded that computer naviga¬ 
tion did reduce the risk of radiographie malalignment. 15 It 
did lengthen the procedure by 23%. The clinical benefits 
hâve yet to be defined. Robot-assisted surgery brings com¬ 
puter navigation to the next level, where robotic assistance 
can perform the précision cuts. Bellemans et al. 16 report 
on the radiographie alignment in 25 subjects where the 
alignment was within 1 degree in ail except three cases. 
However, the authors hâve abandoned this technique due 
to the technical and operational difficulties. Further work 
is required to streamline this process. 
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CLASSIC THEORIES OF SURGICAL 
TECHNIQUE IN TOTAL KNEE 
ARTHROPLASTY 

In the early days of TKA, the development of surgical tech¬ 
nique and implant design led to two distinct philosophies: 
the gap balancing technique and the measured resection 
technique. The gap balancing technique was developed in 
conjunction with the implantation of the posterior cruciate 
sacrificing designs, while the measured resection technique 
was developed for use with cruciate retaining implant 
designs. As surgical techniques hâve improved, these two 
théories hâve gradually adopted principles from one another, 
and at this point, the distinctions hâve become blurred. 

Gap Technique 

The gap technique has traditionally been linked with implan¬ 
tation of posterior cruciate sacrificing designs. 17,18 It can be 
used with cruciate retaining implants with a modular tibial 
component that allows to restore the joint line as well as 
careful balancing of the posterior cruciate ligament (PCL). 
The main principle of the gap technique is to equalize the 
flexion and extension gaps with soft tissue releases prior to 
performing the final bony cuts (Fig. 9-3). 

Initially, the development of the gap technique was 
dictated by the rather small inventory of implant sizes that 
were available. Often, an undersized implant had to be placed 
onto a larger fémur, which led to overresection of the poste¬ 
rior condyles. To offset the risk of developing instability in 
flexion, surgeons were forced to resect less than 5 mm from 
the proximal tibia. This often times led to a flexion-extension 
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FIGURE 9-3. (A) Extension gap. (B) Flexion gap. [Adapted from Scott WN 
(ed): Insall-Scott Surgery of the Knee, ed 4. New York, Churchill Livingstone, 2005.] 


mismatch with a very tight extension gap. This required 
re-resection of the distal fémur. Furthermore, surgeons were 
further limited as the thickest polyethylene insert available 
at the time was 15 mm. Today, the gap technique is still 
used but with a full complément of implant sizing options; 
this prevents the tendency to overresect the posterior fémoral 
condyles as well as permitting a more substantial resection of 
the proximal tibia at approximately 10 mm while maintaining 
a balanced flexion-extension gap. 

Tibial Resection 

A sequence of steps does not hâve to be rigidly followed with 
the gap technique. Traditionally speaking, the proximal tibia 
is resected first at about 10 mm from the least compromised 
plateau, while being perpendicular to the long axis of the 
tibia. Initially, there was concern regarding the structural 
integrity of the proximal tibia at this resection depth. 19 This 
forced many surgeons to make very thin cuts on the proximal 
tibia, which led to the use of relatively thin polyethylene 
inserts. The high stresses that are placed on a thin polyethyl¬ 
ene caused prématuré failure in the clinical setting. 20 Further 
clinical expérience with a proximal tibial eut of approxi¬ 
mately 10 mm demonstrated no loss of structural integrity 
of the proximal tibia, while basic science data was able to 
support the clinical data 21 (Fig. 9-4). 

Fémoral Rotation 

Resection of the fémur requires assessment of rotational 
alignment as well as the appropriate depth of resection of 
the anterior, distal, and posterior condyles. The rotational 
alignment of the distal fémur is influenced by the condition 
of the médial soft tissue structures. When a médial release 
is not required, external rotation of the fémoral component 
is required to compensate for the 3-degree médial slope of 
the joint line that has now been eut perpendicular to the long 
axis. The external rotation produces a symmetric flexion gap. 
However, when a médial release is performed, this will auto- 
matically produce a rectangular flexion gap. The epicondylar 
axis can then be used to assess fémoral component rotation 
(Fig. 9-5). 

Rotational alignment must be carefully assessed, as 
improper rotation can lead to an asymmetric flexion gap as 
well as patellofemoral tracking problems. Numerous methods 
hâve been proposed to reliably assess rotation of the fémoral 
component including (1) line adjoining the médial and latéral 
épicondyles, 22 (2) posterior fémoral condyles, 23 (3) antero- 
posterior fémoral axis 24,25 (Whiteside’s line), (4) tibial shaft 
axis, 26 and (5) ligament tension (Fig. 9 -6A-D). 

The assessment of proper rotation must be performed 
with précision, especially when anatomical landmarks can 
be obscured; however, a surgeon should err on the side of 
external rotation. For example, when using the posterior 
condylar axis, caution must be used with the valgus knee 
with posterior, latéral condyle érosion (Fig. 9 -6E). Using 
the usual 3 degrees of external rotation may not externally 
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FIGURE 9-4. (A) Tibial resection performed 
approximately 10 mm from uncompromised 
plateau, perpendicular to the coronal axis of 
the tibia. (B) Posterior slope of no more than 
5 degrees. [Adapted from Scott WN (ed): Insall-Scott 
Surgery of the Knee, ed 4. New York, Churchill Livingstone, 
2005.] 


rotate the fémoral component enough. Whiteside’s line has 
been shown to be a reliable landmark; however, care must 
be taken in knees where trochlear dysplasia exists. Further- 
more, removal of any fémoral notch osteophytes may 
improve the ability to accurately assess the anteroposterior 
axis. The tibial shaft can prove to be a reliable assessment 
of fémoral rotation as well as aid in the balancing of the 
flexion gap. 

Traditionally, the epicondylar axis was used by John 
Insall to be the most reliable method to assess fémoral rota¬ 
tion. The center of the médial épicondyle anatomically has 
been described as a sulcus made up of the proximal origins 
of the deep and superficial médial collateral ligaments. On 
the other hand, the latéral épicondyle can be palpated as 
the most prominent point on the latéral aspect of the distal 


fémur. A line adjoining these two points at the distal fémur 
dénotés the epicondylar axis. 

It is equally important to realize that one should not 
rely on any one method to assess fémoral rotation. It is 
important to be able to correlate the relationships among 
these anatomie axes. Berger et al. 22 and Griffin et al. 23 hâve 
described the relationship between the epicondylar axis and 
the posterior condylar axis with the posterior condylar axis 
being on average 3 degrees internally rotated compared to 
the epicondylar axis. Whiteside described the anatomie 
relation between the anteroposterior axis and the posterior 
condylar axis. 24 

Clinical and cadaveric studies hâve compared the accu- 
racy of these differing methods to assess component rota¬ 
tion. Pain and instability can be the clinical resuit with 



FIGURE 9-5. (A) Perpendicular resection of the tibial plateau with equal resection of the posterior fémoral condyles. 

(B) Latéral laxity présent with implants in place. (C) External rotation of the fémoral resection to balance the latéral laxity. 

[Adapted from Scott WN (ed): Insall-Scott Surgery of the Knee, ed 4. New York, Churchill Livingstone, 2005.] 
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FIGURE 9-6. (A) Line adjoining the médial and latéral épicondyles. (B) Posterior condylar axis. (C) The anteroposterior 
trochlear sulcus line. (D) Tibial shaft axis. (E) Posterior condylar axis in normal knee versus valgus knee with 
postérolatéral condylar wear. [Adapted from Scott l/l/A/ (ed): Insall-Scott Surgery of the Knee, ed 4. New York, Churchill Livingstone, 2005.] 


component malrotation with improvement after révision sur¬ 
gery. 27 Poilvache et al. 28 compared the epicondylar axis, poste¬ 
rior condylar axis, anteroposterior axis, and the trochlear line 
and concluded that the transepicondylar axis was the most 
reliable to accurately correlate fémoral rotation. Middleton 
et al. 29 reported that Whiteside’s line is reliable in the vast 
majority of cases; however, due to the variation of landmarks, 
it should not be the sole method to assess for rotation. Similar 
conclusions hâve been reported with the epicondylar axis. 30 
Newbern et al. 31 compared the transepicondylar axis and the 
posterior condylar axis. They concluded that the epicondylar 
axis was better able to reproduce normal fémoral rotation 
based on the significantly reduced rate of latéral retinacular 
release. Conflicting studies hâve demonstrated that the epi¬ 
condylar axis can produce excessive external rotation, while 
Fehring 32 reported that errors of at least three degrees can 
occur in 45% of patients when bony landmarks are used to 


assess rotation. Finally, Siston et al. 33 compared the four tradi- 
tional methods of assessing fémoral rotation and reported a 
wide variability among ail four methods. 

Early reports with computer navigation hâve been inves¬ 
ti gated to détermine its efficacy. Siston et al. 33 theorized that 
computer navigation is only as effective as the data points 
that are entered into the System, especially with the reported 
high variability in assessing fémoral anatomical landmarks. 
Matziolis et al. 34 confïrmed that mechanical alignment was 
improved with computer navigation, while there was no 
change in fémoral rotational variability with the usage of 
computer navigation. In contrast, Stockl et al. 35 reported a 
significant improvement in fémoral rotation with computer 
navigation. The ultimate goal, regardless of method, is 
achieve an “optimal” rotation that will permit proper patella 
tracking with normal unconstrained movement of the tibio- 
femoral articulation. 
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ANTERIOR/POSTERIOR REFERENCING 
Extension Gap 

The extension gap is a combination of the distal fémoral 
and proximal tibial resections. The distal fémur is eut at a 
valgus eut angle of approximately 6 degrees, which is the 
différence between the mechanical and anatomie axes. The 
distal fémoral osteotomy is performed approximately 10 mm 
from the joint line or distal end of the fémur, as this corré¬ 
lâtes with the thickness of the fémoral implant. Once the 
extension gap is established, the space can be assessed with 
spacer blocks or a tensiometer device. When the extension 
gap is tight with the initial ostéotomies, caution should be 
taken to perform an additional resection, even with a preop- 
erative flexion contracture. Soft tissue balancing as well as 
a posterior release should be considered prior to further 
bone resection. 

A tensiometer can also be used to perform the distal 
fémoral osteotomy at the appropriate level. After resection 
of the proximal tibia, a tension device can be used to perform 
the distal fémoral osteotomy at the appropriate depth to 
obtain the appropriate extension space (Fig. 9-7). 


Flexion Gap 

Sagittal balance was traditionally difficult to obtain in the 
early days due to the limited availability in sizing. The goal 
was to perform a bone resection that would be reliably 
replaced by the appropriate thickness of the posterior con- 
dyle of the fémoral implant. An underresection of the poste¬ 
rior condyles led to excessive tightness in flexion, which 
could be problematic especially in cruciate retaining designs. 
Over-resection of the posterior condyles often led to an 
imbalance in the flexion-extension gaps. This required an 
additional resection of the distal fémur to balance the gaps 
and subséquent élévation of the joint line. Often, this has 
led to a compromise, which can lead to instability in flexion. 
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FIGURE 9-7. Distal fémoral resection controlled by tensiometer to 
obtain appropriate extension gap. [Adapted from: Insall-Scott Surgery of 
the Knee, ed 4. Churchill Livingstone , 2005.] 


Instability in flexion has been described as one of the most 
common causes requiring early révision surgery. 36,37 

Anterior and posterior referencing Systems are sizing 
and fémoral implant positioning Systems in the sagittal plane. 
In anterior referencing, implant size is based on the resection 
of the posterior condyles. When in between sizes, the recom¬ 
mendation has been to down size and perform a larger resec¬ 
tion of the posterior condyles. The pitfalls of overresection 
of the posterior condyles hâve been described earlier. In a 
posterior referencing System, resection of the posterior con¬ 
dyles is kept constant; however, the variability of sizing 
affects sizes anteriorly with the concern being possible 
“notching” of the anterior fémur or having the anterior 
flange sit proud. With the posterior referencing System, the 
recommendation is to upsize the component to avoid the risk 
of anterior notching. Recent studies hâve demonstrated no 
further risk of developing a fracture with anterior notching. 
Ideally, the surgeon should minimize notching . 38 Currently, 
most surgeons use a combination of anterior and posterior 
referencing to minimize overresection posteriorly, while 
compromising to avoid anterior notching or overstuffing 
the anterior compartment. 

Once the appropriate bone cuts hâve been performed, it 
is important to assess whether the gaps are rectangular or tra- 
pezoidal. The proximal tibial osteotomy should be checked 
fîrst to be perpendicular to the floor. With either a varus or 
valgus proximal tibial resection, this may give the surgeon a 
false sense of balanced gaps. Next, the flexion and extension 
spaces should be checked to be equal and rectangular. Any 
inequality in the flexion-extension gaps should be corrected. 
Soft tissue releases should be considered prior to performing 
an additional bony resection. Posterior soft tissue releases 
and osteophyte removal will incrementally increase the flex¬ 
ion slightly more than the extension space. 39 When the gaps 
continue to be unbalanced after the necessary soft tissue 
releases, an additional bone resection can be considered. 

Next, any asymmetry in the rectangular space should 
be assessed via spacer blocks or tensiometer (Fig. 9-8). In 
varus knees, a sequential anatomie médial release may be 
necessary including: superficial médial collateral ligament, 
pes anserinus, semimembranous tendon, oblique ligament 
complex, and posteromedial capsule. Cadaveric studies hâve 
demonstrated the increase in médial laxity with sequen¬ 
tial release. 40,41 On the other hand, in the valgus knee, a 
sequential release of the iliotibial band and postérolatéral 
capsule hâve been well documented to produce a well-bal- 
anced total knee replacement. 42-44 Once the soft tissues 
hâve been balanced, one can proceed to the final 
preparatory cuts. 

MEASURED RESECTION TECHNIQUE 

The main goal in measured resection technique is to main- 
tain the position of the joint line. It has been largely associ- 
ated with cruciate retaining designs, as a properly positioned 
joint line is impérative for the PCL to function normally. 
Hungerford developed the techniques of measured resection, 
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FIGURE 9-8. (A) The flexion and extension gaps are measured by a sériés of spacers. (B and C) Intraoperative 
view of tensiometer to assess gaps in flexion and extension. [A, Adapted from, and B and C, from Scott WN (ed): Insall-Scott 
Surgery of the Knee, ed 4. New York, Churchill Livingstone, 2005.] 


along with the concept of anatomie alignment and the ana¬ 
tomie joint line. 

Posterior Cruciate Ligament 

Rétention of the PCL can provide many potential advan- 
tages, including varus-valgus stability, offset the transmission 
of load on the prosthesis-bone interface, and allow for a 
more controlled anatomie rollback of the fémur on the tibia. 
It has been further postulated that the PCL may act to per¬ 
mit more “normal” propioception of the knee after total knee 
replacement. 

In a normally functioning total knee replacement, the 
PCL must be appropriately balanced to provide optimal knee 


mechanics. A PCL that is too loose will not provide the 
controlled motion of the fémur on the tibia. This may cause 
paradoxical anterior rollback of the fémur on the tibia and 
decrease flexion due to posterior impingement. A PCL that 
is too tight will promote excessive tibial rollback. With knee 
flexion, there will be increased posterior stress which risks 
excessive loading of the posterior polyethylene and anterior 
displacement of the fémur. A PCL that is too tight can 
be recognized intraoperatively when the trial implants are 
assembled, and there is “lift-off” of the trial insert with 
flexion (Fig. 9-9). 

Although the PCL may be functioning in the arthritic 
knee, it may be contracted or degenerated. Ligament releases 
may be necessary, even with optimal positioning of the joint 
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FIGURE 9-9. (A) A tight posterior cruciate 
ligament. This will cause excessive fémoral 
rollback in flexion. (B) There will be tibial trial 
insert anterior lift-off in flexion. [Adapted from Scott 
WN (ed): Insall-Scott Surgery of the Knee, ed 4. New 
York, Churchill Livingstone, 2005.] 


line. Numerous studies hâve discussed the surgical technique 
to perforai partial releases of the PCL to obtain balance. 
Similar to the technique of médial release, a controlled 
release of the PCL off of the proximal tibia is performed 
until ligament tension is appropriate. 45,46 In addition, in cer¬ 
tain arthritic conditions, the PCL may be noncompetent and 
preclude the use of cruciate retaining prosthesis. Further- 
more, a PCL may become incompetent after knee replace¬ 
ment surgery, causing knee instability. 

The level of the joint line can most adversely affect 
PCL tension. The following principles are usually neces- 
sary to obtain a well-functioning PCL-retaining total knee 
replacement: 

1. Restoration of the joint line to the prearthritic level 

2. Restoration of the fémoral condyles to the appropriate 
size and shape to allow for natural fémoral rollback 

3. Posterior slope of the tibial plateau surface of 10 degrees 
and a médial slope of 3 degrees 

4. A nonconforming tibial articular surface that will allow 
for translation and rotation 

In addition to PCL function, restoration of the joint line 
allows for more anatomie position of the patella on the sag¬ 
ittal view. Figgie et al. 47 reported that fewer patellofemoral 
problems are encountered when the patella is positioned 
between 10 and 30 mm above the joint line (Fig. 9-10). 

INTEGRATION OF MEASURED RESECTION 
AND GAP BALANCING TECHNIQUES: 
MODIFIED GAP TECHNIQUE 

Over time, these two techniques hâve integrated principles 
from one another. At this point, a modified gap technique 
can be used for either PCL substituting or retaining implant 
designs. The primary goals of gap technique involve prés¬ 
ervation of tibial bone stock and balancing of the flexion 
and extension gaps at the expense of raising the joint line. 
This technique is associated with posterior stabilized knee 


implants. In measured resection techniques, the goal is to 
maintain the joint line. Any incongruence in flexion and 
extension gaps is more readily accepted. An elevated joint 
line is not as well tolerated, as an imbalance of the PCL 
may require a partial release. Flexion contractures are 
resolved by performing a soft tissue release posteriorly. In 
contrast, in gap balancing, re-resection of the distal fémur 
is accepted to correct a flexion contracture. 

The current technique of knee ligament balancing is 
a modified gap technique that uses principles in both gap 
and measured resection techniques. It is a technique that 
can be used with both PCL sacrificing and PCL retain¬ 
ing total knee designs. A measured resection of the proximal 
tibia and distal fémur is performed, based on the implant 
thickness. A combination of anterior and posterior referen- 
cing is advocated to maintain a measured resection of the 
posterior condyles without compromising the integrity of 
the anterior fémur or affecting patellofemoral mechanics. 
In addition, more sizing options of the fémoral component 
improve the sagittal balancing to avoid making compro¬ 
mises. Furthermore, fémoral component design has been 
altered to allow for a divergent eut anteriorly and avoid 
notching of the anterior fémur. 

In cruciate substituting designs, a measured resection 
technique has been adopted to maintain the joint line, while 
PCL resection opens up both gaps. The gaps are measured 
in extension and flexion after posterior soft tissue releases. 
Traditionally, with gap balancing techniques, an additional 
resection of the distal fémur was advocated with a tight 
extension gap. In the modified technique, a posterior capsu- 
lar release is performed prior to a bony resection. Though 
not impérative, an anatomie joint line is attempted to be 
re-created. The modified gap technique has been used to 
avoid the clinical périls associated with patella Baja. 

In summary, from two distinct camps of surgical princi¬ 
ples, most surgeons use a modified technique that relies on a 
measured resection to maintain the joint line, while balanc¬ 
ing the gaps to avoid the pitfalls of knee instability. This 
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FIGURE 9—10, (A) Patella Baja. Latéral radiograph demonstrates that the inferior pôle of the patella is 
located just proximal to the joint line. (B) Latéral radiograph demonstrating normal position of patella 
proximal to the joint line. [From Scott WN (ed): Insall-Scott Surgery ofthe Knee, ed 4. New York, Churchill Livingstone, 
2005.] 


modified technique has been able to provide a reliable tech¬ 
nique to main tain the joint line, while avoiding the pitfalls 
of poor soft tissue balancing in either knee design. 
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CHAPTER IO 


Posterior Cruciate Ligament Retaining Total 
Knee Arthroplasty 


Kathleen A. Hogan Thomas S. Thornhill 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: A brief history of the development of modem total knee design is reviewed with an emphasis on the early split between 
cruciate retaining and cruciate substituting philosophies. This chapter explores the similarities and différences between the two designs and 
provides technical tips on balancing the posterior cruciate ligament (PCL). 

IMPORTANT POINTS: 

1. Most of the différences between posterior cruciate substituting and retaining implants are of historical interest only. Both Systems hâve been 
modified to improve longevity and range of motion. 

2. Long-term follow-up has not shown différences in survivorship or outcome scores between the two designs. 

3. A meta-analysis of eight randomized studies showed only an 8-degree différence in range of motion between the two designs; this is of doubt- 
ful clinical significance. 

4. Benefits of PCL rétention include conservation of bone, improved balancing of the flexion space, and avoidance of problems such as post wear 
and patella clunk. 

5. Contrary to popular belief, the PCL retaining knee is not difficult to balance. 

CLINICAL/SURGICAL PEARLS: 

1. During exposure, the fibers of the PCL must be clearly exposed. 

2. A measured resection technique is preferred in the PCL retaining knee. 

3. The PCL acts as the latéral ligament of the médial side of the knee, mollifying the différence between the tight médial structures and the looser 
latéral structures. 

CLINICAL/SURGICAL PITFALLS: 

1. It is important to assess the tightness of the PCL with the trial components in place and the knee flexed. If it is too tight, the PCL can be 
selectively recessed from either the tibia (if the entire PCL is tight) or the fémur (if only the anterior latéral band is tight). 

2. Use a curved or lipped polyethylene insert. 

3. In the cruciate retaining, rotating bearing implant, a tight PCL can contribute to spinout. 

4. In our expérience, late PCL instability or rupture has not been a significant clinical problem. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

The posterior cruciate ligament (PCL) of the knee has been 
the subject of controversy since the beginning of total knee 
implant design. Much of the debate and controversy are 
now of historical interest only as improvements in modem 
implant design hâve ensured similar outcomes in regard to 
clinical function and survival. Many surgeons now selectively 
décidé to retain or substitute the PCL depending on patient 


characteristics, while other surgeons remain adamant PCL 
substituters or retainers. The goal of this chapter is to 
explain the similarities and différences between the two 
designs and to provide technical tips on balancing the PCL. 

In the early 1970s, there were two métal and plastic total 
knee designs that were developed and would become the pre- 
cursors to modem total knee devices. One of these designs 
was the total condylar knee, which was a cruciate sacrificing 
knee. It was initially performed on selected relatively low 


114 





CHAPTER 10 Posterior Cruciate Ligament Retaining Total Knee Arthroplasty 115 


functioning patients in specialized centers that were dedi- 
cated to the development of the total knee design. The initial 
results were promising, but the early design of this prosthesis 
did not provide adéquate flexion, due in part to its cylinder 
and trough design. Later modifications added a central emi- 
nence to improve both rollback in flexion, and the cruciate 
sacrificing knee was transformed into a posterior cruciate sub- 
stituting (PS) design. The prototype for this knee was the 
Insall Burnstein total knee. In contrast, in the duocondylar 
knee, which eventually became the duopatellar knee, the 
P CL was retained. 

In the early 1980s, cruciate retaining (CR) knees domi- 
nated the market; approximately 85% of knees that were 
implanted were of this design. The development of universal 
instruments allowed surgeons outside of specialized joint 
centers to implant these knees. This knee design provided 
patients with better motion than did the early total condylar 
knee. However, there were problems with the early CR 
designs of this era. This was a period where problems with 
polyethylene manufacturing had yet to be recognized. The 
polyethylene in this implant was thin with a flat-on-flat 
design. Metal-backed patellae were also commonly used in 
this era. Not surprisingly, these characteristics led to early 
osteolysis, loosening, and polyethylene failure. Furthermore, 
a design feature in one of the early CR knees predisposed to 
flexion instability in one leading System. With more CR 
knees being implanted than PS during this time period, the 
relative number of CR knees that failed was much higher 
than the PS knees. Consequentially, the PS knee began to 
increase in surgeon preference. In the meantime, design 
changes addressing the issues that lead to early failure of 
the early CR implants were made. 

The implants we now use today are direct descendents 
of the original duocondylar and total condylar knee Systems. 
Both the PS and CR knees hâve been modified to provide 
improved flexion and longevity of the implants. Today, most 
of the différences between the two knee designs are of histor- 
ical interest. Long-term follow-up has shown no différence 
in survivorship of the two designs. Rasquinha et al. 1 has pub- 
lished 12-year follow-up data on 150 consecutive PS knees 
with a 94.6% survivorship. This compares to Dixon et al., 2 
who reported 92.6% 15-year survivorship on 139 CR knees, 
as well as Rodricks et al., 3 who reported 92.9% overall sur- 
vival in a report of a 17-year follow-up on 160 CR knees. 2,3 
Outcomes are similar between implant designs even when 
the surgery is performed at nonacademic institutions and in 
younger patients. In Gioe et al.’s 4 review of outcomes of 
1047 patients aged 55 and younger in a community registry 
database, there was no différence in révision rates between 
the PS and CR knees. They report an overall 84.5% 14-year 
survival for cemented total knee replacement in this relatively 
young patient population. 4 

Multiple comparative studies hâve shown no différence 
in functional outcome scores between the two implant 
designs. 5-7 However, there is still some debate as to whether 
there are real différences in range of motion between CR and 
PS knees. A meta-analysis in 2005 of eight well-designed 


randomized studies found a statistically significant 8-degree 
increase in range of motion for PS knees with a cam and post 
design. 8 This finding has not been universally true in ail 
studies. For example, Tanzer et al. 9 compared 40 knees of 
PS and CR design and found no statistical différence in range 
of motion, with average motion of 112 dt 13 degrees for the 
CR and 111 dt 17 degrees for the PS. In contrast, Maruyama 
et al. 10 reviewed 20 bilateral knees and found an average 
range of motion in CR knees of 112 ± 15 degrees compared 
with 131 =t 13 degrees in PS knees, a statistically significant 
différence. However, with such a wide range of measured 
motion in both designs, the clinical significance that an aver¬ 
age 8-degree différence in flexion has is debatable, as both 
designs allow for more than 105 degrees, which is what is 
needed to successfully climb stairs and arise from a seated 
position. 11,12 Flexion can be affected by factors other than 
implant design, including but not limited to preoperative 
motion, tibial slope, removal of osteophytes from the distal 
fémur, posterior condylar offset of the implant, and intra¬ 
operative flexion. 13-16 Furthermore, as the body mass index 
of our patients increases, flexion is often limited by the con¬ 
tact of the patient’s calf on the thigh, more so than by the 
design of an implant. 

The effect of the PCL on the ability to climb stairs is 
debatable. In a small gait analysis study of 14 patients, 
Bolanos et al. 17 found no différences between PS and CR 
knees in level gait and stair climbing. In contrast, in a similar 
study, Dorr et al. 18 found that the PS knee required increased 
quadriceps and biceps femoris contraction on level ground 
and increased soleus activity during stair climbing. The clin¬ 
ical relevance of these small studies is debatable. Patients 
with bilateral total knees, with one CR and the other PS, 
hâve not been shown to consistently favor one leg over the 
other on stair climbing. Furthermore, there are no différ¬ 
ences in which knee they feel performs better. 19 

Fluoroscopie studies hâve also been used to détermine 
différences in tibial fémoral kinetics between PS and CR 
implant designs. Fémoral lift-off in knee flexion and the 
mechanism of posterior rollback are the two kinematic vari¬ 
ables that hâve been most frequently examined in these stud¬ 
ies. From these studies, it is clear that no total knee design 
currently available accurately reproduces “normal” knee 
kinematics. The optimal kinematics for a total knee remains 
subject to debate. 

In the nonarthritic knee with an intact anterior cruciate 
ligament (ACL) and PCL, knee flexion occurs by a combina¬ 
tion of rolling and sliding. In the much-discussed “screw 
home mechanism,” the fémur pivots medially, directing the 
latéral fémoral condyle posteriorly on the tibia with flexion. 
Dennis et al. 20 and Yoshiya et al. 21 compared knee motion 
with flexion, gait, and stair climbing in well-functioning PS 
and CR knees using a video fluoroscopy technique. In several 
studies, they hâve found that in flexion, the PS knee results in 
a consistent rollback of the latéral fémoral condyle, whereas 
the motion in the CR knee is more variable and even exhibits 
a paradoxical anterior slide. 20,21 In normal gait, they hâve not 
found différences between the PS and CR knees, with both 
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exhibiting paradoxical axial sliding motion. 20 Fantozzi et al. 22 
studied activities of daily living with fluoroscopie analysis 
and similarly found that in stair climbing and standing from a 
seated position, the PS knees exhibited a more consistent 
fémoral rollback than did the CR knees. Although fémoral 
rollback may be more reproducible in PS knees, this design 
also seems to be associated with an increase in fémoral con- 
dylar lift-off during flexion. In a prospective, randomized 
studied of bilateral total knees, only 28% of CR knees had 
lift-off of the fémoral condyle compared to 67% of PS knees. 23 

What do these kinematic studies imply? The kinematics 
of a total knee replacement are different than a “normal” 
knee, regardless of whether the PCL is spared or substituted. 
An increase in fémoral lift-off in the PS knee could increase 
contract stresses, thereby increasing polyethylene wear. Like- 
wise, less consistent posterior rollback in the CR knee could 
also hâve a négative impact on polyethylene wear. Long-term 
year survival data on both types of implants hâve not yet 
shown clinical différences in révision rates, but the impact 
of these kinematic différences may be more pronounced in 
the younger, more active patient with knee replacements. 
Ultimately, the clinical relevance of this kinematic data is 
yet to be determined. 

What are the effects of proprioception with rétention or 
substitution of the PCL? Much has been written about 
the rôle of proprioception in the unicompartmental knee 
replacement attributed to rétention of both the ACL and 
PCL, with patients reporting that their knee feels “more nor¬ 
mal” compared to a traditional total knee. Does saving the 
PCL affect proprioception? The PCL has been shown by 
immunohistochemistry to contain mechanoreceptors. 24 But, 
is the disruption of the pathway to these receptors clinically 
relevant? Although proprioception was an early argument 
in favor of PCL rétention, more recent studies hâve shown 
this not to be the case. For example, Swanik et al. 25 com¬ 
pared proprioception and balance before and after total 
knee arthroplasty (TKA) randomized to a PS or CR knee. 
Although both proprioception and balance improved follow- 
ing knee replacement, there was no signifïcant différence 
between the two implant designs. 

JUSTIFICATION FOR POSTERIOR CRUCIATE 
LIGAMENT RETENTION 

The original presumption that PCL rétention aids proprio¬ 
ception rollback and knee kinematics has not been borne 
out by either in vivo or in vitro testing. The major argument 
for cruciate rétention in primary TKA is that it is easier to 
balance the flexion space. Moreover, the fact that PCL réten¬ 
tion is bone sparing is based not only on the reality of fémo¬ 
ral bone resection for the cam and post mechanism but also 
on that cutting the PCL increases the flexion space, requir- 
ing an obligatory increase in distal fémoral resection to bal¬ 
ance flexion and extension gaps. 

PS advocates contend that the PCL is diffïcult to bal¬ 
ance. If one looks at the components of the flexion space, this 
argument seems flawed. The médial component of the 


flexion space is the médial collateral ligament, which is broad 
and strong and goes from fémur to tibia. The latéral compo¬ 
nent of the flexion space is the fîbular collateral ligament 
going from fémur to the fibula and the popliteus muscle 
and tendon, which traverses a more oblique pathway. More¬ 
over, the latéral flexion space is normally more lax than the 
médial side to allow increased latéral rollback. The PCL 
serves to mollify the différence between the tight médial 
structures and the less tight latéral structures. In essence, it 
is the latéral ligament of the médial side of the knee. This 
is important as the médial compartment serves as the main 
pivot point during flexion. 

If one uses a flat-on-flat articulation, it requires a pré¬ 
cisé tensioning of the PCL. With a more conforming insert, 
the tibiofemoral geometry is initially driven by the articula¬ 
tion until a recessed PCL is allowed to heal. This is the 
major reason for posterior cruciate recession from the tibia 
where there is a broad décussation of fibers, which can heal 
during the perioperative period. Sélective release of tight 
antérolatéral PCL fibers can also be performed from the 
fémoral side. 

There has also been concern about excessive, early wear 
of the post in PCL sacrificing knees. The cam and post 
mechanism adds constraint to the knee, the amount of con- 
straint varying by implant design. If not perfectly rotationally 
aligned, the post may impinge on the métal component dur¬ 
ing flexion. This impingement may theoretically lead to 
increased polyethylene wear, especially if the polyethylene 
is cross linked, which decreases its mechanical strength. 
Puloski et al. 26 published a report of 23 retrieved polyethyl¬ 
ene implants, ail of which showed significant post wear after 
an average 35 months in vivo, with a third of the inserts 
showing evidence of délamination and severe damage. The 
presence of a post, therefore, may contribute to increasing 
polyethylene wear, especially if the knee is not perfectly bal- 
anced and is relying on the post for constraint (Fig. 10-1A). 
The added constraint of the cam and post design may also 
lead to increased backside wear (Fig. 10-15). 

Although relatively rare, patella clunk is a problem that 
is isolated to PS knees. Synovial hypertrophy or prolifération 
of fibrous tissue can resuit in a nodule proximal to the pôle 
of the patella, which becomes entrapped in the intracon- 
dylar notch of the fémoral component. With extension of 
the knee, a painful, often audible “pop” or “clunk” is felt 
by the patient as the tissue is pulled out of the box. The 
etiology is believed to be a combination of component design 
and development of postoperative scar tissue. Treatment is 
typically surgical. 27,28 

TECHNIQUE OF POSTERIOR CRUCIATE 
LIGAMENT RECESSION 

To balance the PCL, it is essential that, during exposure, the 
ligament is identified at its fémoral origin and its tibial inser¬ 
tion. This requires excision of the anterior cruciate and expo¬ 
sure of the fibers of the posterior cruciate (Fig. 10-2). After a 
preliminary soft tissue balance, the bony cuts are performed 


CHAPTER 10 Posterior Cruciate Ligament Retaining Total Knee Arthroplasty 117 



FIGURE 10-1. (A) Post wear is évident on this polyethylene component retrieved after révision of a posterior stabilized knee for osteolysis. 
(B) On the same polyethylene component, backside wear is also présent. 



FIGURE 10-2. During the initial exposure, it is important to clearly 
expose the posterior cruciate ligament (PCL) if you plan to preserve it. 
Take a sponge and clean the soft tissue débris off the PCL to visualize 
its fibers. Osteophytes impinging on the notch and therefore also on 
the PCL should be removed at this stage. 

by measured resection. The technique of measured resection 
is preferred in cruciate rétention. Gap balancing is préférable 
in PS knees because of the need to compensate for the 
absence of the PCL. For instance, if gap balancing was used 
in a CR knee, it would hâve a tendency to increase the 
amount of external rotation that would be placed in a varus 
deformity. In a typical varus knee, the structures are tight 
posteromedially. If one cuts the posterior cruciate, the flex¬ 
ion space will open allowing the surgeon to remove 


osteophytes and other tight posteromedial structures. In a 
CR knee, there is no gap in the flexion space and these 
deforming structures cannot be removed. Resecting the 
posterior and anterior fémoral cuts in a CR varus knee could 
lead to external overrotation and posteromedial instability of 
the construct. 

Regarding the tibial eut, excessive posterior slope should 
be avoided. The PCL insertion begins an average 4.6 mm 
below the surface of the tibial plateau. 29 Therefore, a conser¬ 
vative eut does not remove ail fibers of the PCL. One tech¬ 
nique is to use a small saw blade to make a small eut in 
front of the tibia. A narrow straight osteotome is then placed 
into this spot and the tibial eut is made around this wedge of 
bone. Although most of this bone will eventually be removed, 
it can be done in a more controlled manner, preserving the 
tibial attachment of the ligament and avoiding excessive 
recession of the ligament (Fig. 10-3). 

Once the trial components are in place, the knee is 
flexed with the patella relocated and the relationship of 



FIGURE 10-3. Exposure of the knee following bone cuts. The 
posterior cruciate ligament (PCL) has been successfully preserved. 
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flexion and extension is determined. Once extension is 
thought to be optimal, the knee is flexed to détermine the 
tension of the PCL. If the PCL is too lax, there will be in- 
stability of the tibial component as it is attempted to be 
extracted anteriorly from the surface (Fig. 10-4). This is rare 
and would require a thicker component and perhaps slightly 
increased distal fémoral resection. The more common prob- 
lem is that the PCL is tight. This would be manifested by a 
tendency for the fémoral component medially to be driven 
posteriorly and the tibial trial to be lifted off anteriorly 
(Fig. 10-5). The posterior cruciate can be palpated and 
determined that it is generally too tight or selectively too 
tight. If the entire ligament is too tight, it is best to recess 
it from the tibia. If it is selectively too tight (usually the anté¬ 
rolatéral fibers), it is better to recess it from the fémur. If 
only the anterior latéral bands of the PCL are tight in 



FIGURE 10—4, Trialing the components. The tibial tray can be easily 
pulled out from underneath the fémoral component indicating that 
the posterior cruciate ligament (PCL) is too loose. A larger 
polyethylene needs to be used. 



FIGURE T 0-5. If the posterior cruciate ligament (PCL) is too tight, the 
fémur will be pulled posteriorly and the tibial insert will lift off in front. 
If the PCL is too tight, it can be recessed either from the tibia (if the 
entire PCL is tight) or from the fémur (a sélective recession of the 
tight anterior latéral band of the PCL). 


flexion, a needle may be used to selectively pie crust the tight 
portion of the ligament. PCL recession is easily done, assum- 
ing that the tibiofemoral articulation is not a fiat-on-flat 
design. A curved or lipped insert provides a minimal amount 
of constraint, allowing healing of the recessed ligament in a 
lengthened position. Following cruciate recession, the knee 
is flexed and it is determined that there is no rollback on 
the médial side and there is no lift-off from the tibial trial. 

In a CR, rotating bearing implant, a tight PCL can con- 
tribute to spinout. In these knees, it is important to flex the 
knee fully and evaluate the position of the fémoral compo¬ 
nent on the polyethylene. If the PCL is tight, the fémoral 
component will roll forward laterally and the médial side 
will roll back. During trialing, there will be an asymmetric 
amount of the métal baseplate exposed on the médial and 
latéral sides (Fig. 10-6). If the PCL is too tight, it must be 
recessed to minimize the risk of polyethylene spinout. Rarely, 
the PCL cannot be properly balanced and the knee must be 
converted to a fixed bearing implant. 

MYTHS OF THE POSTERIOR CRUCIATE 
LIGAMENT RETAINING KNEE 

There are many unsubstantiated myths regarding retaining 
the PCL in TKA. The notion that the PCL is hard to bal¬ 
ance has already been disputed in this chapter. Although bal- 
ancing may take a few extra minutes of time and thought, it 
can be done without excessive difficulty in most cases. S orne 
surgeons believe that the PCL is not normal in aged knees. 
Histologie studies in patients with both osteoarthritis 
and rheumatoid arthritis hâve demonstrated a decrease in 
collagen diameter and mucoid degeneration of the collagen 
fibrils. 30 It has also been stated that late PCL ruptures may 
be responsible for late onset pain and instability. Waslewski 
et al. 31 described persistent anterior knee pain, swelling, 



FIGURE T 0-6. During component trialing, a tight posterior cruciate 
ligament (PCL) in the rotating bearing knee demonstrates an 
asymmetric amount of exposed tibial baseplate. This should be 
assessed with the patellar components in place. A tight PCL in a 
rotating bearing knee can lead to spinout and must be recessed. 












CHAPTER 10 Posterior Cruciate Ligament Retaining Total Knee Arthroplasty 119 


and posterior instability in 16 of 202 knees (8% incidence) 
following PCL retaining TKA. However, in two small sériés, 
KT-2000 measurements of PCL retaining knees did not 
show any significant change in average anterior posterior 
translation at 3 and 5 years postoperatively. 32,33 Misra 
et al. 34 found no différence in clinical scores with a PCL 
retaining implant design when patients were randomized to 
either sacrifice or rétention of the PCL, indicating that adé¬ 
quate stability can be obtained in a PCL retaining knee even 
in the absence of a fiinctioning PCL. Furthermore, in the 
senior author’s expérience, late PCL instability has not been 
a clinical problem. Moreover, late fiinctional décliné of 
patients with PCL retaining knees has not been reported in 
larger long-term follow-up studies. 2 ’ 3 

Can the PCL be preserved in a patient with severe rheu- 
matoid arthritis? Intuitively, one would say no. Rheumatoid 
knees often hâve more bony deformity than the osteoarth- 
ritic knees, and one would not be remiss in questioning 
the integrity of the PCL. In the literature, reports of late 
instability in CR rheumatoid knees hâve ranged from 2.6% 
to 15%. 35-37 Some authors hâve described poor results with 
the CR knee in rheumatoid patients. 38 In our expérience, 
however, if the PCL is présent, it often can be successfully 
preserved. In a sériés of 81 rheumatoid knees at average 
11-year follow-up, Schai et al. 39 reported a 97% survival rate 
with a CR knee design. There were two reoperations—one 
for failure of a metal-backed patella, and the other a syno- 
vectomy. Five patients had 5 degrees or less of hyperexten¬ 
sion and only one was symptomatic, albeit occasionally. 

SUMMARY/CONCLUSION 

Although many surgeons consistently sacrifice the PCL dur- 
ing a routine primary knee, we believe that there is no benefit 
to doing so. Long-term survivorship and fiinctional out- 
comes are essentially the same regardless if the PCL is sacri- 
ficed or preserved. Flexion différences between the two 
implant designs, while statistically significant in some stud¬ 
ies, are small enough to be of questionable clinical impor¬ 
tance, especially given the multiple factors that can affect 
postoperative knee motion. The benefits of preserving the 
PCL are many. Intercondylar bone is preserved. The PCL 
helps to maintain the joint line and flexion space, improving 
soft tissue balance, and acting as a secondary stabilizer to the 
collateral ligaments. The theoretical problems of excessive 
post wear, post breakage, and increased backside wear are 
eliminated when the PCL is retained. If more constraint is 
needed, the PCL can always be removed at the end of the 
case and the knee easily converted to a PS design. But once 
completely removed, the PCL is gone forever. 

FUTURE CONSIDERATIONS 

The séparation between PS and CR knees has become less 
polar over the past several years. CR knees underwent 
a period where there was a fiat-on-flat articulation leading 


to point contact; moreover, these implants gave no tibiofemoral 
memory for the knee to maintain proper stability during healing 
of the soft tissues. As deeper-dished designs became available, 
the CR advocates would at times develop a kinematic conflict 
in their implants leading to added constraint, early polyethylene 
wear, and even back-sided wear in modular designs. However, 
these designs hâve now been modified to provide inserts that 
hâve better contact through conformity but allow rollback to 
occur. Many advocates of cruciate sacrifice hâve also moved 
toward deep-dish designs and avoided the use of the central 
eminence. The advantage, according to these surgeons, is that 
the deep dish éliminâtes post wear, decreases back-sided wear, 
and does not require the sacrifice of bone from the distal fémur. 
Thus, the différences between PS and retaining knee designs are 
becoming ever less distinct. 

Recent total knee designs hâve attempted to reproduce 
more normal knee kinematics. The goal is to improve 
motion, improve function, and improve long-term outcomes. 
There are some concerns about this approach. Prosthetic 
knees at the présent time hâve very different material proper- 
ties than the normal knee. It may not be advantageous for the 
prosthetic knee to reproduce kinematics of the normal knee. 
Moreover, much of the motion of the knee is conferred by 
the soft tissues, and in the arthritic knee, these tissues are 
abnormal. In most knee Systems, the anterior cruciate is 
removed. At least one design has attempted to use prosthetic 
geometry to reproduce the kinematics conferred by both the 
anterior and PCLs. These “more kinematic designs” may be 
technically more difficult to implant. From data generated 
from the early computer navigation studies, there is a bell- 
shaped curve of variability in the implantation of total knees. 
It is hopeful that as we become more “kinematic” and more 
conforming, we do not err by making the implants too diffi¬ 
cult to reproducibly insert. 
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CHAPTER I I 


Posterior Stabilized Total Knee Arthroplasty 


Christopher W. Olcott 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: While at this time there is no consensus regarding the question whether to retain or resect the posterior cruciate 
ligament (PCL) in total knee arthroplasty, the éléments surrounding the debate are addressed with a systematic review of the literature. Each issue 
is considered while placing spécial emphasis on recent kinematic studies and randomized, controlled trials. An understanding of the advantages 
and disadvantages of cruciate rétention (CR) versus cruciate substitution (PS) helps to establish proper surgical indications. The surgical technique 
highlights the importance of establishing symmetric, rectangular extension and flexion gaps with appropriate soft tissue balancing and offers 
alternatives to ligament tensioning. 

IMPORTANT POINTS: 

Posterior Cruciate Rétention Versus Cruciate Substitution 

1. Clinical results are comparable. 

2. Range of motion is slightly improved with PS designs. 

3. Kinematics of the normal knee is not reproduced by either design but PS forces rollback on both the médial and latéral compartiments. 

4. Proprioception has not been clinically shown to be improved with CR designs. 

5. Polyethylene wear/osteolysis 

6. Cam and post impingement can lead to failure in PS designs. 

7. Correction of deformities 

8. Fémoral bone loss with the PS box is greater. 

9. Mobile-bearing designs eliminate some constraint. 

10. High-flexion designs can improve motion. 

INDICATIONS: 

1. Severe deformities 

2. Inflammatory arthritis 

3. Postpatellectomy 

4. Altered geometry of fémur and/or tibia 

5. PCL-deficient knee 

SURGICAL TECHNIQUE: 

1. Positioning 

2. Médial parapatellar arthrotomy 

3. Intramedullary guide for fémur 

4. Extramedullary guide for tibia 

5. Extension space 

6. Correction of varus deformity 

7. Correction of valgus deformity 

8. Fémoral component rotation 

9. Flexion space 

10. Trial réduction 

11. Patellar resection 

12. Component Insertion 

CLINICAL/SURGICAL PEARLS: 

1. Preoperative template use can help to avoid unforeseen problems in the operating room. 

2. Position to avoid need for multiple assistants 

3. Distal skin incision and retinacular incision médial to tibial tubercle 

4. Exposure of latéral tibial plateau 
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5. Osteophyte removal 

6. Médial soft tissue release—PCL, superficial and deep médial collateral ligament, semimembranosus, posteromedial capsule, pes anserine 
tendons 

7. Latéral soft tissue release—PCL, iliotibial band, postérolatéral capsule, popliteus, latéral collateral ligament, latéral head of gastrocnemius 

8. Transepicondylar axis for fémoral component rotation 

9. Protect collateral ligaments, especially during préparation of the fémur. 

10. Optimize proper patellar tracking—correct patellar resection, restore patellar thickness, external rotation of fémoral and tibial components, 
lateralize fémoral component, medialize patellar component 

11. If necessary, inside-out latéral release preserving superior latéral geniculate artery 

12. Importance of trial réduction 

13. Cernent application in doughy stage 

14. Meticulous cernent clean-up 

15. Careful wound closure 

16. Emphasize knee extension during postoperative réhabilitation. 

CLINICAL/SURGICAL PITFALLS: 

1. Distal incision directly over tibial tubercle 

2. Avulsion of patellar tendon 

3. Transection of deep médial collateral ligament during excision médial meniscus 

4. Excessive removal of bone from distal fémur and/or proximal tibia 

5. Varus resection of proximal tibia 

6. Excessive posterior slope of proximal tibial resection 

7. Inadéquate soft tissue releases 

8. Failure to equalize extension and flexion gaps 

9. Notching anterior cortex of distal fémur 

10. Internai rotation of fémoral component, especially in valgus knees 

11. Transsection of médial and/or latéral collateral ligament during posterior fémoral resection 

12. Overstuffing patellofemoral space: oversizing fémoral component, flexing fémoral component, inadéquate patellar resection 

13. Performing latéral release before assessing patellar tracking with tourniquet deflated 

14. Inadéquate removal of posterior fémoral osteophytes and/or release of posterior capsule 

15. Failure to achieve full knee extension with trial components in place 

16. Malrotation of tibial component leading to cam and post impingement 

17. Failure to remove extruded cernent—source of third-body wear 

VIDEO AVAILABLE: 

None. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Controversy persists regarding the rôle of the posterior cruci- 
ate ligament (PCL) in total knee arthroplasty (TKA). In the 
normal knee, the PCL prevents posterior translation of the 
tibia and allows the fémur to glide posteriorly or rollback on 
the tibia during knee flexion to allow for maximum range of 
motion. A posterior cruciate retaining (CR) design TKA pro¬ 
vides minimal constraint and relies on an intact, well-balanced 
PCL to create proper fémoral rollback. 1 Proponents of a CR 
design site potential advantages such as more normal knee 
kinematics, increased quadriceps strength due to the 
increased moment arm of the extensor mechanism, improved 
stair-climbing ability, preserved proprioception, decreased 
patellar complications, diminished shear forces at the tibial 
component-bone interface, and maintenance of distal fémo¬ 
ral bone stock. 1,2 However, ail these daims are predicated 
on an intact and properly tensioned PCL. A posterior cruci¬ 
ate substituting or posterior stabilized (PS) design removes 
the PCL and relies on a more conforming articular surface, 
as well as a polyethylene tibial post and fémoral cam to pro¬ 
vide restraint against posterior translation of the tibia and 


proper fémoral rollback. Potential advantages of a PS design 
include more predictable restoration of knee kinematics, 
improved range of motion, decreased polyethylene wear 
because of more congruent articular surfaces, easier correc¬ 
tion of severe deformities, and easier ligament balancing. 1 
While eliminating the reliance on a well-functioning PCL, 
a PS design introduces the risk of component dislocation 
with flexion instability, tibial post and fémoral cam impinge¬ 
ment creating polyethylene wear, patellofemoral problems, 
and increased bone resection of the distal fémur. 1,3,4 

Despite these potential advantages and dis advantages, 
CR and PS designs demonstrate similar clinical, radio¬ 
graphie, and survivorship results at short-, mid-, and long- 
term follow-up. 5-16 Several well-designed prospective, ran- 
domized studies failed to show any significant différence 
between CR and PS designs at short-term follow-up. 5-7 
Clark et al. 5 randomized patients to receive either a CR or 
PS knee but excluded patients with a flexion contracture 
greater than 15 degrees, a varus deformity of greater than 
20 degrees, a valgus deformity of greater than 15 degrees, 
and preoperative flexion of less than 90 degrees. 5 Maruyama 
et al. 6 randomized patients who underwent bilateral TKA 


C H A P T E R 11 Posterior Stabilized Total Knee Arthroplasty 123 


and found no différence in clinical scores except for 
improved range of motion with the PS design. They theo- 
rized that the decreased flexion noted in CR knees was due 
to an unbalanced PCL creating abnormal knee kinematics 
in flexion. 6 Rétrospective reviews of CR and PS knees at 
mid- and long-term follow-up show survivorship of greater 
than 90% with both designs. 8-12,16 Kelly and Clarke 13 
reviewed the long-term results of PS knees and stated that 
“use of posterior cruciate ligament-substituting prostheses in 
fïxed-bearing TKA has resulted in excellent long-term clinical 
outcomes with increased knee flexion.” They emphasized the 
need for strict soft tissue balancing to create symmetric, rect- 
angular extension and flexion gaps and found no evidence of 
the increased constraint of the PS design leading to aseptie 
loosening. 13 The Cochrane Collaboration attempted to iden- 
tify the différence in functional, clinical, and radiologie out- 
come between rétention and sacrifice of the PCL in TKA. 17 
A search for randomized, controlled trials comparing PCL 
rétention and sacrifice published between 1966 and 2004 
revealed only eight studies. 17 These studies demonstrated no 
différence between CR and PS designs except for a range of 
motion increase of 8.1 degrees with PS knees. 17 This 
Cochrane review published in 2007 stated “there is, so far, 
no solid base for the decision to either retain or sacrifice the 
PCL with or without use of a posterior stabilized design dur- 
ing total knee arthroplasty.” 17 This review also emphasized 
the need for more knowledge regarding the proper technique 
to balance the PCL during surgery. 17 

While in general there appears to be no significant dif¬ 
férence between CR and PS designs when considering clini¬ 
cal scores, radiographie criteria, and survivorship after TKA, 
Pagnano et al. 18 explored individual parameters in an attempt 
to identify any advantage of one design over the other. Kine¬ 
matics refers to motion both translational and rotational. 19 In 
a fluoroscopie study of total knee patients performing a 
single-stance deep knee bend, PS knees consistently exhibited 
posterior fémoral rollback with flexion that more closely 
replicated normal knee kinematics. 20,21 By contrast, CR knees 
demonstrated a paradoxical anterior fémoral translation 
during deep knee bend. 21,22 This abnormal translation of the 
fémur on the tibia during flexion could limit flexion by creat¬ 
ing impingement of the posterior tibia on the posterior fémo¬ 
ral metaphysis, decrease the quadriceps moment by moving 
the tibiofemoral contact point anteriorly, and accelerate poly- 
ethylene wear by increasing shear forces at the articular sur¬ 
face. 21,23 In another comparative kinematic study assessing a 
stepup activity, CR knees demonstrated rotation and transla¬ 
tion movements that more closely resembled physiologie 
values for normal knees. 24 In addition, more normal stair- 
climbing ability has been observed in CR knees. 25 A functional 
review of various activities revealed that patients with a PS 
knee reported more limitations with squatting, kneeling, and 
gardening, while patients with a CR knee noted improved 
overall satisfaction. 26 

CR and PS knees hâve been shown to behave similarly at 
low flexion angles such as the swing phase of gait. 27 In most 
PS designs, the cam and post engage at flexion angles 


between 60 degrees and 90 degrees. 23 Therefore, knee stabil- 
ity at flexion less than 60 degrees relies on soft tissue balanc¬ 
ing including that of the PCL. 23 In a cadaveric study, CR 
knees demonstrated posterior translation of the fémoral con- 
dyles beyond as little as 30 degrees of flexion, while PS knees 
showed a significant increase in posterior translation only 
after 90 degrees of flexion. 28 However, even at low flexion 
angles between 30 degrees and 60 degrees, CR knees hâve 
demonstrated anterior fémoral translation during weight- 
bearing activities. 23 The anterior fémoral translation of CR 
knees noted at both low and high flexion angles has led some 
authors to question whether the physiologie fiinction of the 
PCL can be preserved during TKA. 23 

In general, compared with the normal knee, total knee 
designs demonstrate kinematic abnormalities such as reduced 
posterior fémoral rollback during flexion, anterior fémoral 
translation, abnormal axial rotation between the fémur and 
tibia throughout a range of motion, and fémoral condylar 
lift-off. 21,29 Clinical outcome scores, in most studies, show 
no différence between patients with a CR total knee and 
those with a PS total knee. 29 However, kinematic studies 
using fluoroscopie data demonstrate more consistent poste¬ 
rior fémoral rollback in PS knees. 23 Différences noted in 
kinematic studies could be attributed to multiple factors such 
as variations in implant geometry, coronal and sagittal align- 
ment, soft tissue balancing, joint line restoration, and joint 
loading conditions for each individual patient. 23,27 There¬ 
fore, implant design, patient factors, and surgical technique 
play vital rôles in the clinical and functional outcome after 
TKA. The importance of surgical technique was confirmed 
by Dennis et al. 21 in a multicenter kinematic study that 
reported wide variations in results among surgeons using 
the same implant. 

Proprioception refers to joint position and can diminish 
with âge and dégénérative arthritis. 30 Proprioception has 
been found to improve after TKA. 31 This improvement 
may be due to a restoration of joint space and soft tissue 
tension, as well as a réduction in pain and inflammation. 31 
The PCL contains mechanoreceptors, and proponents of a 
CR design State that more normal proprioception is possi¬ 
ble after a CR knee. However, two studies comparing joint 
position sense demonstrated no significant différence 
between CR and PS knees except that patients with severe 
degenerative changes preoperatively scored better with a 
PS knee. 30,32 In a prospective randomized study evaluating 
proprioception, kinesthesia, and balance after TKA, there 
was found to be no advantage to preserving the PCL. 31 PS 
knees more accurately reproduced joint position when 
extended from a flexed position. 31 Histologie évaluations 
of the PCL obtained at the time of surgery reveal extensive 
architectural damage throughout the ligament, especially 
when associated with severe degenerative changes. 33 There¬ 
fore, the PCL may not be providing the normal propriocep- 
tive feedback even if properly balanced. 32 Furthermore, a 
comparison of isokinetic and isométrie muscle testing 6 to 
13 years after TKA failed to show any différence between 
sacrificing and preserving the PCL. 34 
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The durability of a TKA dépends on a low polyethylene 
wear rate and, therefore, a low incidence of osteolysis and 
aseptie loosening. The increased articular congruity évident 
in PS knees offers the advantage of lower shear forces and 
reduced polyethylene wear. 19 However, the increased con- 
straint transfers higher forces to the fixation and implant 
interfaces, which can increase polyethylene wear on the back- 
side of the tibial insert. 1 Therefore, a CR knee has the poten- 
tial for increased shear forces and polyethylene wear due to a 
paradoxical anterior translation of the fémoral component 
during flexion, while a PS knee may increase the incidence 
of backside wear. In addition, the tibial post in a PS knee 
can be a source of polyethylene wear débris because of tibial 
post impingement on the fémoral component at low flexion 
angles. 35 Retrieval studies hâve demonstrated wear and 
deformation of the anterior side of the tibial post. 36 A cadav- 
eric study revealed that the anterior tibial post impinges 
upon the superior aspect of the box of the fémoral compo¬ 
nent at low flexion angles and hyperextension. 35 Impinge¬ 
ment during hyperextension was found to diminish anterior 
translation of the tibial component and act as a substitute 
for the anterior cruciate ligament (ACL). 35 The tibial post 
may also be at risk for impingement during the rotational 
movements and condylar lift-off noted during the kinematic 
studies. 8 This tibial post impingement not only increases 
the risk of wear débris but also can increase the force through 
the tibial post and locking mechanism, which can further 
escalate backside wear. 35 The findings of this study led the 
investigators to recommend an avoidance of hyperextension, 
flexion of the fémoral component, excessive slope of the tib¬ 
ial resection, and anterior placement of the tibial component 
while performing a TKA. 35 

Correction of preoperative deformities is possible with 
both a CR and PS total knee. While a CR design mandates 
optimal balance of the PCL, a PS design offers possible eas- 
ier correction of coronal deformities, especially when com- 
bined with a flexion contracture. 37,38 A flexion contracture 
often requires a larger distal fémoral resection so as to 
restore the extension space. Although both CR and PS knees 
require création of symmetric extension and flexion gaps, the 
joint line must be restored in a CR knee to properly balance 
the PCL. 18 Since a larger distal fémoral resection will raise 
the joint line, a CR knee relies on an increased tibial resec¬ 
tion to address a flexion contracture. 18 This increased tibial 
resection may place the tibial component on weaker meta- 
physeal bone. 18 A PS knee provides more freedom to raise 
the joint line, which aids in correction of a flexion contrac¬ 
ture. 18 However, improper gap balancing places the PS knee 
at risk for dislocation. 18 The PCL often contributes to severe 
deformities, and its fiinction can be significantly diminished 
if it requires an extensive release for balancing. 37 An exten¬ 
sive PCL release also introduces the risk of late instability 
or rupture. 18 Removal of the PCL créâtes at least a 1.0- to 
1.3-mm increase in both extension and flexion gaps. 39 
Therefore, PCL resection offers the advantage of more 
straightforward gap balancing, improved access to the poste- 
rior aspect of the knee, and improved exposure to the 


proximal tibia while avoiding the need for subjective release 
of the PCL, especially with severe deformities. 18,37,38 

A PS design requires removal of bone from the distal 
fémur to accommodate the intercondylar box of the fémoral 
component. Bone loss from the distal fémur may increase the 
risk of periprosthetic supracondylar fractures. 40 Pronounced 
bone loss due to stress shielding has been seen beneath the 
anterior flange of the fémoral component with ail knee 
designs. 40,41 While increased bone resection from the distal 
fémur is necessary with a PS knee, it appears that even a 
CR design develops bone loss secondary to stress shielding 
over time. 41 However, dual energy x-ray absorptiometry 
(DEXA) of CR and PS knees at 5-year follow-up revealed 
increased bone loss of the distal fémur in PS knees. 40 
Although DEXA measurements at 5 years were compared 
with those obtained within 1 week after surgery, patients 
with less than 5 degrees of varus or valgus alignment and a 
10-degree flexion contracture received a CR knee while more 
pronounced deformities underwent a PS knee. 40 

To address some of these issues, CR and PS knees are 
available with mobile-bearing or rotating platforms and 
high-flexion designs. A mobile-bearing or rotating platform 
knee allows rotational freedom at ail angles of flexion. 19 
The rotating platform design is highly conforming at the 
articular surface and confers polyethylene bearing rotation 
to the polyethylene-tibial junction. 19 This rotational freedom 
makes component placement, especially of the tibia, less criti- 
cal. 19 In addition, this high conformity of the femorotibial 
bearing surface minimizes contact stresses which may decrease 
polyethylene wear. 19 Kinematic studies hâve revealed that 
fixed and mobile-bearing PS knees behave similarly 
except that a fixed bearing design provides greater posterior 
fémoral rollback during flexion. 19 This enhanced posterior fém¬ 
oral rollback may improve the potential range of motion of a 
fixed bearing knee. Fixed and mobile-bearing CR knees both 
demonstrate a paradoxical anterior fémoral translation during 
flexion. 19 By maintaining conformity at the femoro tibial 
surface, the rotating platform design for PS knee may reduce 
the incidence of cam and post impingement seen at low 
flexion angles and with component rotation and condylar lift- 
off. At this time, there has been no clinical advantage of the 
rotating platform design compared with a fixed bearing sur¬ 
face. 19 Most current total knee designs allow for flexion up to 
130 degrees. 42 A high-flexion knee is designed to attain 135 to 
155 degrees of flexion. 19 Modifications of a high-flexion knee 
include thickening and extension of the posterior condylar 
surface of the fémoral component proximally, recession of the 
anterior aspect of the tibial polyethylene, and, in a PS knee, 
movement of the tibial post posteriorly. 42-44 Enhancement of 
the fémoral posterior condylar surface increases both the poste¬ 
rior fémoral condylar offset and the articular contact against the 
tibial insert in an attempt to prevent posterior impinge¬ 
ment. 42,44 Posterior fémoral condylar offset is defined as the dis¬ 
tance between the posterior fémoral condyle and a tangent 
drawn from the posterior cortex of the fémoral shaft on a latéral 
radiograph. 44 In a prospective, randomized study comparing 
standard and high-flexion PS knees, there was no différence 
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in range of motion at a mean 2-year follow-up. 44 Radiographie 
évaluation revealed increased posterior fémoral condylar offset 
in high-flexion knees. 44 Recession of the anterior aspect of 
the tibial polyethylene insert decreases the potential for 
patellar-polyethylene impingement during deep flexion. 42,44 
A modification of the cam and post mechanism allows increased 
contact between the cam and post throughout flexion. 42,44 
Another prospective, randomized study comparing standard 
and high-flexion PS knees demonstrated improved range of 
motion with the latter design. 42 Since kinematic and clinical 
studies hâve revealed more consistent fémoral rollback and 
greater range of motion in PS knees, use of a high-flexion knee 
may be more important with a CR design that has the potential 
for paradoxical anterior fémoral translation and, thus, impinge¬ 
ment of the posterior aspect of the tibia against the posterior 
fémoral metaphysis during flexion. 43 

INDICATIONS/CONTRAINDICATIONS 

TKA is indicated for end-stage degenerative arthritis that no 
longer responds to nonoperative management. Spécifie indi¬ 
cations for a CR versus a PS knee remain a topic of contro- 
versy. Proponents of PCL rétention claim that correction of 
almost ail deformities except a severe flexion contracture 
is possible with a CR knee. However, the exact définition 
of a severe flexion contracture is not well defined. In one 
comparative randomized study, patients with flexion contrac¬ 
tures greater than 15 degrees were excluded. 5 The function 
of the PCL may be compromised if it requires extensive 
release for proper soft tissue balancing. 37 Supporters of 
PCL substitution note easier extension and flexion gap bal¬ 
ancing even with severe deformities. However, success of a 
CR knee dépends on a well-tensioned PCL, while that of a 
PS knee relies on équivalent extension and flexion spaces. 
Several preoperative conditions that may be more appropri- 
ate for PCL substitution include rheumatoid arthritis, previ- 
ous patellectomy, prior proximal tibial or distal fémoral 
osteotomy, or post-traumatic arthritis with disruption of 
the PCL. The synovitis associated with rheumatoid arthritis 
can lead to weakening of the PCL, which could resuit in 
instability or rupture after a CR knee. 45 Laskin and 
O’Flynn 46 reported on an increased incidence of late insta¬ 
bility and recurvatum with CR knees in patients with rheu¬ 
matoid arthritis. However, another comparative study of 
CR and PS knees in patients with rheumatoid arthritis 
revealed a 6.5% (2 of31) incidence of late dislocation in PS 
knees, while no CR knees required révision for instability. 45 
A patellectomy places increased loads on the PCL by dis- 
rupting the normal four-bar linkage of the knee. 47 Since 
these abnormal forces could resuit in late PCL atténuation 
and instability, some investigators recommend a PS knee in 
patients with prior patellectomy. 47 Previous ostéotomies of 
the proximal tibia or distal fémur often mandate bony resec¬ 
tions or augmentations that affect the position of the joint 
line. In these situations, a PS knee provides more flexibility 
for soft tissue balancing. A CR knee is contraindicated in 
cases where the PCL is found to be torn or incompetent such 


as with post-traumatic arthritis. A PS knee is contraindicated 
when one or both of the collateral ligaments are significantly 
lax or disrupted. Failure to obtain balanced extension and 
flexion gaps after PCL resection nécessitâtes conversion to 
a varus-valgus constrained implant. 

SURGICAL TECHNIQUE 

Preoperative templating is performed for ail cases prior to 
the procedure. A standing hip-knee-ankle radiograph is used 
to détermine the proper valgus distal fémoral resection angle 
that is required to create a resection perpendicular to the 
mechanical axis (Figs. 11-1 and 11-2). The hip-knee-ankle 
radiograph is also helpful to identify any abnormality in fém¬ 
oral and/or tibial geometry, to plan the tibial resection, and 
to confirm the absence of any hip pathology (Fig. 11-3). 
Routine standing anteroposterior (AP), latéral, and Merchant 
x-ray views are used to détermine component sizing, prés¬ 
ence of posterior fémoral osteophytes, and proper patellar 
resection (Figs. 11-4 through 11-7). 

The majority of patients undergoing TKA receive a com- 
bined spinal/epidural rather than general anesthésia. The 
patient is placed supine on the operating table and a urinary 
cathéter is inserted. A well-padded tourniquet is placed as 
proximally as possible on the operative leg, secured circumfer- 
entially with adhesive tape and sealed-off with Steri-Drapes. 
A commercially available foot positioner is placed at the level 



FIGURE îî-î. Hip-knee-ankle radiograph with détermination of 
mechanical axis. 
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FIGURE T T-2. Hip-knee-ankle radiograph with détermination of 
valgus angle for distal fémoral resection. 


FIGURE 11-3. Hip-knee-ankle radiograph with template for level of 
tibial resection and component sizing. 



FIGURE 11-5. Latéral radiograph demonstrating posterior 
osteophytes. 

of the mid-portion of the calf, and a soft bump is placed 
beneath the buttock on the operative side to prevent excessive 
external rotation of the leg (Fig. 11-8). A knee examination is 
performed to assess the médial and latéral stability, presence of 
a flexion contracture and preoperative range of motion. The 
patient receives either 2 g of cefazolin or 1 g of vancomycin, 
if there is a documented severe reaction to a penicillin or 
cephalosporin, within 60 minutes of skin incision. The leg, 
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FIGURE 11-6. Latéral radiograph with template for fémoral 
component position and sizing. 



FIGURE 11-7. Merchant view with proposed level of patellar 
resection. 



FIGURE 11-8. Patient positioned with foot holder and tourniquet in 
place. 


including the foot, is scrubbed and prepped with a povidone- 
iodine solution, and the skin is covered with an Ioban™ 
2 drape that surrounds the stockinette. The leg is then ele- 
vated for 30 to 60 seconds, and the tourniquet is inflated to 
300 to 350 mm Hg. AVenaflow® sleeve is applied to the con¬ 
tralatéral lower leg, and intermittent mechanical compression 
is maintained throughout the procedure. 

The skin incision is made slightly oblique to the midline. 
It is centered on the fémoral shaft proximally, about four 
fïnger-breaths above the patella, and extends distally, about 
four finger-breaths below the patella, ending 1 to 2 cm 
médial to the tibial tubercle (Fig. 11-9). Placing the distal 
extent of the incision medially prevents the skin closure from 
being directly over the prominent tibial tubercle, especially 
during knee flexion, and may enable the patient to kneel 
more comfortably after surgery. The joint is entered through 
a médial parapatellar arthrotomy. The oblique portion of the 
arthrotomy must be centered between the médial border of 
the patella and vastus medialis obliquis (VMO) to allow a 
secure fascial closure (Fig. 11-10). Like the skin incision, 
the arthrotomy ends médial to the tibial tubercle to allow 



FIGURE 11-9. Final draping with proposed skin incision. 



FIGURE 11-10. Outline of médial parapatellar arthrotomy. Note that 
the clamp demonstrates oblique portion of arthrotomy between 
patella and vastus medialis obliquis (VMO). 
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FIGURE 11 —11 . Elévation of médial soft tissue flap off proximal tibia. FIGURE 11-13. Excision médial meniscus. 


élévation of a soft tissue flap médial to the patellar tendon, 
which assists in closure distally. The médial soft tissue flap 
is elevated medially and posteriorly just past the mid-coronal 
plane (Fig. 11-11). At the médial joint line, the soft tissue is 
elevated posteriorly to the level of the semimembranosus 
insertion. A more extensive médial release can be performed 
during the initial approach for severe varus deformities, 
while a limited médial release is preferred for valgus deformi¬ 
ties. A limited superior synovectomy helps restore the médial 
and latéral gutters and is especially useful in cases of inflam- 
matory arthritis with significant synovial thickening. The 
transverse patellofemoral ligaments in the latéral gutter are 
released with the electrocautery. After patellar eversion, the 
knee is flexed and wound towels are placed to moisten 
the subcutaneous tissue and protect the skin (Fig. 11-12). If 
the patellar tendon begins to avulse from the tibial tubercle 
during knee flexion, the knee is returned to an extended posi¬ 
tion. Modifications that help prevent avulsion of the patellar 
tendon include controlled élévation of the patellar tendon 
distally, proximal extension of the longitudinal split in the 
rectus tendon, further release of the patellofemoral ligaments 
or adhesions in the latéral gutter, reflection of the iliotibial 


band off the anterior aspect of Gerdy’s tubercle, a rectus snip, 
and a latéral release. In obese patients, création of a subcuta¬ 
neous pocket, latéral to the patella, can aid in patellar ever¬ 
sion. The médial meniscus is excised by maintaining a thin 
peripheral meniscal rim that prevents inadvertent damage 
to the attached deep MCL (Fig. 11-13). The ACL, intercon- 
dylar osteophytes, and PCL are then resected. A portion of 
the infrapatellar fat pad is excised to improve visualization 
of the latéral tibial plateau. Next, the leg is externally rotated, 
the knee is flexed beyond 90 degrees, and the tibia is sub- 
luxed anteriorly with the help of a posterior retractor placed 
just behind the PCL insertion. To expose the latéral joint 
space, a stab incision is made over the latéral meniscus in 
the mid-coronal plane to allow placement of a bent Hohman 
retractor. The entire latéral meniscus is excised, and the lat¬ 
éral inferior geniculate artery, lying just anterior to the 
popliteus tendon, is visualized and cauterized (Fig. 11-14). 
To improve visualization of the latéral tibial plateau, the 
patellar tendon is gently retracted distally and laterally and 
the capsular reflections are elevated away from the joint line 
(Fig. 11-15). The tibia is then internally rotated to return it 
to its reduced position. 



FIGURE 11-12. Knee flexed with wound towels sewn in place. 



FIGURE 11-14. Excision latéral meniscus. 
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An intramedullary guide is used to make the distal fémoral 
resection. A ^-inch drill is inserted about 5 mm anterior to the 
PCL origin and advanced carefully into the distal fémur under 
intermittent power. This “pulsed” method allows the drill bit 
to center itself properly within the medullary canal. The canal 
opening is widened with the drill to allow expulsion of the 
canal contents on introduction of the fluted intramedullary 
rod. Based on preoperative templating, the distal fémoral 
resection guide is set at the valgus angle required to create a 
eut perpendicular to the mechanical axis. A valgus angle that 
is less than that measured preoperatively may be necessary in 
valgus knees so as to decrease the stress on the MCL. In addi¬ 
tion, obese patients with large médial soft tissue skin folds do 
not tolerate excessive valgus and an angle of 5 degrees or 
less is usually chosen. A measured resection of the distal 
fémur is performed taking into considération the thickness 
of the implant and the patient’s preoperative extension 
(Fig. 11-16). For example, in a patient with a 15-degree 
preoperative flexion contracture, the initial distal fémoral 
resection may be 2 to 3 mm more than the known implant 
thickness. After completing the distal fémoral resection, an 
extramedullary guide is used to perform the proximal tibial 


resection. The extramedullary guide is aligned parallel with the 
palpable subeutaneous tibial crest and is centered on the talus 
distally. It is adjusted to create a posterior slope of approxi- 
mately 3 degrees. The nonslotted proximal cutting block is 
positioned to resect approximately 10 mm of bone from the 
highest point on the latéral tibial plateau (Fig. 11-17). Even a 
valgus knee, which has significant wear of the latéral compart- 
ment, will usually hâve a peripheral rim of intact cartilage that 
can be used to gauge the proper resection level. Spacer blocks 
are now used to confîrm the création of a symmetric, rectangu- 
lar extension space that is composed of the distal fémoral and 
proximal tibial resections as well as the médial and latéral soft 
tissue structures. The pins used to secure the distal fémoral 
and proximal tibial cutting blocks are left in place and serve as 
a guide to obtaining full knee extension (Fig. 11-18). When 
the knee is fully extended, the two pins in the fémur and two 
in the tibia will be parallel when viewed from the latéral side 
(see Fig. 11-18). 

Balancing of a varus or valgus knee requires release of 
soft tissues on the concave side of the joint to establish a rect- 
angular gap in flexion and extension. There are multiple 
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techniques to obtain this goal. The surgeon must make sure 
that no instability or asymmetry of the gaps is présent before 
accepting the resuit in the operating room. 

After establishment of rectangular extension and flexion 
spaces, the remaining fémoral cuts are completed. The guide, 
used to préparé the notch for the cam of the fémoral compo- 
nent, is shifted laterally to enhance patellar tracking 
(Figs. 11-19 and 11-20). The anterior and posterior chamfer 
cuts are made while protecting the eut surface of the tibia. 
The trial fémoral and tibial components are inserted and 
proper rotation of the tibial component is established in 
extension. During insertion of the trial fémoral component, 
the fémoral impactor is initially positioned on the anterior 
aspect of the component so as to prevent flexion of the com¬ 
ponent (Fig. 11-21). The post of the tibial insert must be 
centered within the intercondylar box of the fémoral compo¬ 
nent, and the midpoint of the tibial component usually coin- 
cides with the médial third of the tibial tubercle. Overall axial 
alignment and rotation are checked with alignment rods 
(Fig. 11-22). The alignment rod should be about 3 to 4 cm 
médial to the anterior-superior iliac spine (ASIS) proximally 


FIGURE 11-19. Application of notch cutting guide on distal fémur. 


FIGURE 11-20. Removal of intercondylar notch resection. 


FIGURE 11-21. Impaction of trial fémoral component. Note the 
anterior placement of impactor to avoid flexion of trial component. 


FIGURE 11-22. Evaluation of axial alignment with alignment rods. 


and centered on the ankle distally. The trial components 
serve as the most accurate spacers and provide another 
opportunity to confirm proper gap balancing. During a trial 
réduction, the knee should corne to complété extension and 
demonstrate appropriate soft tissue balancing. One method 
to assess for full knee extension involves applying an axial 
load to the entire leg by leaning on the plantar aspect of 
the foot (Fig. 11-23). If the knee springs into flexion during 
this maneuver, full extension has not been obtained. 
Although described for CR knees, the POLO test is helpful 
in assessing the flexion space in PS knees as well. 55 The 
eponym stands for “pull out, lift off.” 55 If the trial tibial tray 
can be displaced from underneath the fémur in 90 degrees of 
flexion, the knee is too loose. 55 If the trial tibial tray lifts off 
the tibia anteriorly during flexion from 70 to 90 degrees, the 
knee is too tight. 55 Any abnormality in soft tissue balancing 
is addressed at this time. In most cases, further soft tissue 
release will address the problem, while occasionally addi- 
tional bone resection may be necessary. 

Once the trial components are in place and the soft tis¬ 
sue tensioning is deemed appropriate, the patella is exposed. 









C H A P T E R 11 Posterior Stabilized Total Knee Arthroplasty 131 




FIGURE 11-23. Axial compression applied to plantar aspect of foot FIGURE 11-25. Measurement of patellar thickness. 
to confirm full knee extension. 


Electrocautery is used circumferentially around the patella to 
excise synovial reflections and expose the quadriceps tendon 
proximally and the inferior pôle of the patella distally 
(Fig. 11-24). Excision of the synovium on the underside of 
the distal quadriceps tendon may help reduce the risk of 
patellar clunk. The patellar thickness is measured and the 
cutting guide is adjusted to maintain a patellar thickness of 
about 14 to 15 mm (Fig. 11-25). A proper patellar resection 
runs parallel to the anterior patellar cortex as demonstrated 
on the preoperative radiographs (see Fig. 11-7). Intraopera- 
tively, the saw blade should pass through the subchondral 
bone on both the médial and latéral aspects of the patella. 
Reestablishment or réduction of the original patellar thick¬ 
ness aids in patellar tracking and knee flexion. The appropri- 
ate patellar size will cover the majority of the patellar surface 
but still allow for positioning as médial and superior as possible 
so as to optimize tracking (Fig. 11-26). With the trial compo- 
nents in place, the patellar tracking is assessed initially with a 
no-thumb technique (Fig. 11-27). Any patellar tilt is reevalu- 
ated after placement of a single No. 1 Vicryl retinacular stitch 
at the level of the VMO and the patella. If the stitch pulls out 



FIGURE 11-24. Reflection and removal of peripatellar soft tissue. 



FIGURE 11-26. Sizing and positioning of patellar drill guide. 



during knee flexion and the tracking remains improper after 
tourniquet release, a latéral release is performed. 

The tibial plateau is prepared with the tibial drill and 
keel punch. The tibial drill is passed on reverse to prevent 
removal of cancellous bone and create a distal bone plug 
(Fig. 11-28). The tibial keel punch is countersunk about 
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FIGURE T T-30. Cementation and impaction of fémoral component. 


FIGURE î 1 -28. Préparation of tibia with drill set on reverse. 


1 to 2 mm below the level of the tibial tray to allow for a 
thicker cernent mande. A cancellous bone plug, fashioned 
out of the bone removed for the intercondylar box eut, is 
impacted into the distal fémoral hole to reduce postoperative 
blood loss. Any sclerotic bone on the tibial or fémoral sur¬ 
faces is drilled with a Vis inch bit to foster cernent interdigi¬ 
tation. The bone surfaces are prepared with a pulsed lavage 
and completely dried. The cernent is prepared within a vacu¬ 
um mixer and applied first to the tibial surface at about 4 to 5 
minutes of setting time. The tibial component is impacted 
into place maintaining proper rotation, and the excess 
cernent is removed from around the edges of the component 
(Fig. 11-29). Application of a thin film of fat to the periph- 
eral side walls of the tibial component before insertion aids 
in cernent removal. Cernent is applied to the distal fémur 
and the component is impacted into place (Fig. 11-30). Prior 
placement of cernent flush with the posterior condyles of the 
fémoral component helps reduce the chance of posterior 
extrusion of cernent. Once again, excess cernent is removed 
from around the edges of the component. The fémoral com¬ 
ponent is impacted in an upward direction to prevent place¬ 
ment in a flexed position. A trial tibial insert is snapped into 


place, and the knee is brought to full extension so that an 
axial load can be applied. During this time, the patellar com¬ 
ponent is cemented and seated with the patellar holding 
clamp (Fig. 11-31). Ail components are cemented in place 
with a single mixing of two batches of polymethylmethacry- 
late. During axial loading of the knee any soft tissue laxity 
is taken into considération. For example, in a valgus knee 
with médial laxity, a slight varus load is maintained during 
cernent setup to prevent lifting-off of the components medi- 
ally. After cernent setup, the peripheral edges of the compo¬ 
nents are evaluated for any extruded cernent, which is then 
removed. The trial tibial insert is removed while holding 
up on the fémur with a bone hook, and the posterior joint 
space is assessed for any loose or extruded cernent. The pos¬ 
terior stabilized tibial insert is impacted into place and the 
tourniquet is deflated (Fig. 11-32). 

After component insertion, the knee is irrigated with a 
solution containing 300,000 units of polymyxin b sulfate 
and 75,000 units of bacitracin within a 3-L bag using the 
pulsed lavage. Closure is performed over two medium Vi8- 
inch Davol closed wound suction drains, which exit laterally. 
The infrapatellar fat pad is reapproximated with 2-0 Vicryl, 



FIGURE 11-29. Cementation and impaction of tibial component. 



FIGURE 11 —31. Cementation of patella with application of holding 
clamp. 
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FIGURE 11-32. Final tibial polyethylene insert. 



FIGURE 11-34. Skin closure. 



FIGURE 11-33. Closure of médial parapatellar arthrotomy. 



FIGURE 11-35. Application of knee brace locked in extension. 


and the médial parapatellar arthrotomy is closed with both 
No. 2 Ethibond and No. 1 Vicryl (Fig. 11-33). The No. 
2 Ethibond is used along the high-stress région of the 
VMO insertion. Knee flexion is assessed and recorded after 
capsular closure. The knee flexion obtained intraoperatively 
helps to guide the postoperative réhabilitation. The subcuta- 
neous tissue is closed with No. 1 Vicryl and 2-0 Vicryl, and 
the skin is closed with a 4-0 Monocryl in a subcuticular fash- 
ion (Fig. 11-34). Staples are used for skin closure in obese 
patients with skin folds and those with a thin dermal layer. 
A stérile dressing is applied and wrapped loosely with an 
Ace wrap. A below-knee TED stocking is placed along with 
a Venaflow® sleeve. Finally, a Donjoy® ELS brace is applied 
to the operative leg (Fig. 11-35). 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

The épidural cathéter is used for pain management after sur- 
gery. The épidural cathéter is left in place until the morning 
of postoperative day 2, at which time narcotic médication by 
mouth is begun. The drains are removed on postoperative 


day 1, and the surgical dressing is changed on postoperative 
day 2. The patient is mobilized weight bearing as tolerated 
the day after surgery and receives both physical and occupa- 
tional therapy. The physical therapist emphasizes gait train- 
ing and knee extension exercises. A continuous passive 
motion (CPM) machine is applied for 2 hours during both 
the morning and the evening. The CPM machine is initially 
set for 0 to 30 degrees of flexion and is increased by 5 to 10 
degrees each shift as tolerated by the patient. Although the 
CPM machine aids some patients with initial knee flexion, it 
provides little, if any, assistance with terminal extension. The 
EFS brace is worn each night to promote full knee extension. 
Both Venaflow compression sleeves and aspirin are used as 
prophylaxis against deep venous thrombosis (DVT). The 
Venaflow compression sleeves are worn on the contralatéral 
leg during surgery and applied to the operative leg immedi- 
ately after the procedure. During the hospitalization, the com¬ 
pression sleeves are used whenever the patient is in bed. In 
addition, the patient receives 325 mg of enteric coated aspirin 
twice per day. Because aspirin may cause gastritis, ail patients 
receive a gastroprotective agent, such as a proton pump 
inhibitor, while taking aspirin. On postoperative day 3 or 4, 
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a noninvasive venous ultrasound is obtained of both lower 
extremities. If the ultrasound is négative, the aspirin is 
continued twice per day for 6 weeks. If the ultrasound shows 
a below-knee DVT, for which the patient is symptomatic, 
the aspirin is discontinued and warfarin is started. The warfa- 
rin dosage is adjusted to obtain an INR goal of 1.5 to 2.0. The 
warfarin is continued for a total of 3 months and a repeat 
ultrasound is performed if the patient’s symptoms persist. If 
the ultrasound demonstrates an above-knee DVT, the aspirin 
is discontinued and both warfarin and Lovenox are started. 
The Lovenox is continued until the INR value stabilizes 
between 2.0 and 3.0. During this time, the surgical incision 
is monitored closely for any evidence of a hemarthrosis. If a 
hemarthrosis develops, the physical therapy and CPM are held 
and a compression dressing is applied. The knee is kept in 
extension with the EL S brace until the incision is dry. If the 
ultrasound demonstrates a below-knee DVT, for which the 
patient is asymptomatic, the aspirin is continued twice per 
day and a repeat venous ultrasound is scheduled 5 to 7 days 
after discharge. 

Most patients are discharged to home on postoperative 
day 4. A physical therapist visits the home three times per 
week and the patient returns to the office at approximately 
2 weeks after surgery. After 2 weeks, the patient is permitted 
to shower and get the incision wet. The EL S brace is worn at 
home at night until either the patient achieves near full knee 
extension or can no longer tolerate it. Outpatient therapy is 
instituted at between 2 and 6 weeks after surgery and 
continued for a total of 10 to 12 weeks. A manipulation is 
considered if 90 degrees of flexion is not obtained by 6 weeks 
after surgery. No attempt is made to manipulate a flexion 
contracture. 

SUMMARY/CONCLUSION 

The controversy regarding whether to retain the PCL will 
continue. A review of the literature will provide information 
to support either PCL rétention or PCL substitution. More 
recent prospective, randomized studies show no différence 
between CR and PS knees except for an increase in range 
of motion with a PS design. However, range of motion after 
TKA dépends on a host of factors, including preoperative 
motion, a balanced flexion space, appropriate sizing of 
the fémoral component and tibial insert, removal of posterior 
fémoral osteophytes and release of the posterior capsule, 
accurate patellar resection, and correct implant position- 
ing. 42 Kinematic studies reveal more consistent posterior 
fémoral rollback in PS knees while demonstrating paradoxi- 
cal anterior fémoral translation in CR knees. The exact influ¬ 
ence of this anterior fémoral translation is unknown and 
various studies report improved function with CR knees. 
No différence in polyethylene wear and aseptie loosening 
has been confirmed with either design, and the ease of cor¬ 
rection of severe preoperative deformities remains a subject 
for debate. However, even proponents of a CR knee will 
emphasize the need for careful balancing of the PCL. 
Whether partial release of the PCL places it at risk for late 


instability or rupture, or renders it less functional remains 
open to conjecture. Bone loss of the distal fémur beneath 
the anterior flange of the fémoral component is évident in 
ail knee designs. Even the CR knee, which removes less bone 
from the distal fémur, develops bone loss due to stress shield- 
ing over time. Meniscal-bearing and rotating platform knees 
offer the potential to improve knee kinematics and lower the 
incidence of cam and post impingement in PS knees. These 
knees may reduce polyethylene wear at the articular surface 
because of the highly conforming femorotibial geometry 
but may transfer wear to the backside of the tibial insert. 
High-flexion knees appear to improve the potential for knee 
flexion at early follow-up and may be important in patients 
with more than 130 degrees of knee flexion preoperatively 
and with CR designs. 
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CHAPTER I 2 


Mobile-Bearing Total Knee Arthroplasty 


Joseph T. Moskal* Vincent J. Williams 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: In response to the mechanical loosening, early wear, backside wear, and osteolysis, mobile-bearing technology 
was developed to lessen the constraints found in classic fixed-bearing knees and to improve the contact stresses that were found to lead to 
polyethylene failure. Kinematic studies demonstrated self-centering properties that could improve range of motion and patellar tracking. Approved 
by the U.S. Food and Drug Administration for use in the United States in 1984, mobile-bearing designs hâve an excellent long-term survivorship 
in both North America and Europe. The kinematic design of mobile-bearing knees requires the total joint surgeon to closely adhéré to the principles 
of axial alignment as well as ligament and flexion-gap balancing. This chapter will review the évolution of mobile-bearing designs, principles of 
surgical implantation, and avoidance of spécifie pitfalls inhérent to the design and provide a review of the short- and long-term outcomes. 

IMPORTANT POINTS: 

1. It is important to understanding design rationales for fixed bearing, mobile bearing, meniscal bearing, and rotating platform. 

2. There are advantages and spécifie outcomes of mobile-bearing versus fixed-bearing total knee designs. 

CLINICAL/SURGICAL PEARLS: 

1. Patient sélection is one of the keys to the operation, which includes understanding the indications and contraindications to the use 
of mobile-bearing designed total knee arthroplasties. 

2. Understanding the measured resection versus gap-balancing technique is crucial to a stable mobile-bearing knee. 

CLINICAL/SURGICAL PITFALLS: 

1. Poor balancing may lead to dislocation and bearing dissociation or bearing spinout, and these must be addressed prior to leaving 
the operating room. 

VIDEO AVAILABLE: 


FIXED-BEARING DEVELOPMENT 

In the 1970s came the beginning of the “modem total knee 
arthroplasty” with the U.S. Food and Dmg Administration 
(FDA) approval of polymethylmethracrylate (PMMA) in the 
United States and the development of the total condylar knee, 
popularized by John Insall, which is recognized as the first 
widely successfnl emeiate sacrificing total knee arthroplasty 
(TKA). Early total knee Systems demonstrated good results, 
with a 90% to 95% survival rate when using révision as an 
end point, with conventional fixed-bearing TKA. 1 However, 
the patients in these early studies were older and more sedentary 
than are patients today. These early long-term survival studies 
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used ail polyethylene components or fixed monoblock Systems 
with very limited sizing and no modularity. Early failures of 
the total knees were typically due to aseptie loosening caused 
by malalignment and subséquent ligamentous instability. 

The 1980s can be referred to as the “âge of the engi- 
neers,” with the development of improved instrumentation 
and surgical techniques to minimize malalignment, instabil¬ 
ity, and subséquent loosening. Implants including the Low 
Contact Stress (DePuy Orthopaedics, Inc., a Johnson & 
Johnson company, Warsaw, IN), Porous Coated Anatomie 
(PCA Howmedica, Rutherford, NJ), Press Fit Condylar (PFC 
Johnson & Johnson, New Bmnswick, NJ), and Miller/ 
Galante (Zimmer, Warsaw, IN) were developed with modu¬ 
larity and cementless fixation, giving surgeons the ability 
to better size and fit components even after cementing. 
Early designs had increased constraint to provide improved 
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stability of the implants. Torsional, coronal, and sagittal 
stresses, normally shared by the surrounding soft tissues, were 
more fully transferred through the implant to the fixation 
interface. These additional forces resulted in prématuré total 
knee failure secondary to aseptie component loosening. To 
minimize the transfer of these stresses to the implant-bone 
interface, this decade also saw the évolution of less- 
constrained designs through the création of less-conforming 
articular surface geometry, which typically incorporated the 
use of round-on-flat or flat-on-flat articular geometries. 
These designs allowed rotation and multiplane translations 
to occur at the articulating interface and relied more on 
the surrounding soft tissues than conformity of articular 
surfaces for the stability and dispersion of applied load. 
Despite the réduction in stresses being transmitted to the 
implant-bone interface, flat-on-flat designs resulted in small 
contact areas and subséquent increased contact stresses on 
the polyethylene. This resulted in the development of pré¬ 
maturé polyethylene wear. 2 The use of finite element analysis 
(Figs. 12-1 and 12-2) demonstrated that, although these less- 
conforming implants reduced the stress at the implant bone 
interface, they produced point-and-line contact or loading 
conditions at the articular surface with small contact areas, 
which greatly increased the stress on the polyethylene. 3 Poly¬ 
ethylene inserts that were too thin or with reinforced polyeth¬ 
ylene composites failed catastrophically. 

The decade of the 1990s saw the development of the 
“science of articulation” seen with the design of the articu¬ 
lating surfaces that were reactions to the design and engi¬ 
neering errors of earlier implants. Polyethylene inserts 
were made thicker and dished in an attempt to avoid edge 
loading. Titanium was eliminated as an articulating surface. 



FIGURE 12-2. Histograms of a high kinematic knee simulator 
analysis demonstrating polyethylene wear per million cycles of a fixed- 
bearing versus rotating-platform total knee arthroplasty with identical 
fémoral geometry. (Reprinted with permission.) 

This period also saw the maturation of polymer chemistry 
and tribiology. As the 21st century approached, many 
of the early failures and mistakes had been sorted out and 
addressed with better implant designs and improved sterili- 
zation and packaging of polyethylene that minimized wear 
and débris formation. Unfortunately, the advent of mod- 
ular tibial designs using a métal tibial base plate with 
modular polyethylene tibial insert created a problem of 
increased wear and osteolysis due to particulate débris from 
the nonarticulating surfaces. 4 Retrieval studies demon¬ 
strated that significant wear and the subséquent génération 
of particulate débris occurred between the captured poly¬ 
ethylene bearing and the base plate. Moderate to severe 
wear was found at the nonarticulating surface that was 
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FIGURE 12-1. Polyethylene surface area of contact for mobile-bearing (A) and three fixed-bearing implants demonstrating partial 
contact (B), line contact (C), and point contact (D). Histogram demonstrating the contact forces associated with the contact areas (E). 

(Reprinted with permission.) 
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FIGURE 12-3. Contact stresses generated in a 
fixed-bearing cruciate sacrificing design 
demonstrating line contact (left) and tibial post 
impingement (right). (Reprinted with permission.) 
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frequently observed in ail designs of knee prosthesis, inde- 
pendent of capture mechanism. 5 This wear and débris 
formation was substantial enough to possibly induce 
osteolysis. 6 Furthermore, polishing the tibial base plate 
counterface and improved polyethylene sterilization dimin- 
ished but did not eliminate osteolysis. 7 Retri eval and fini te 
element analysis studies (Fig. 12-3) hâve also demonstrated 
high stress and small contact areas as the fémoral compo- 
nent rotâtes around the central posterior cruciate ligament 
(PCL) post of the polyethylene insert. 8 This cam and post 
impingement leads to increased polyethylene wear and 
débris formation and has been associated with catastrophic 
failure of cruciate sacrificing total knee implants. At prés¬ 
ent, fixed-bearing designs compromise to produce more 
conformity between components, while still allowing lim- 
ited coronal rotation, axial rotation, and sagittal rotation 
and translation. This design concept remains the basis for 
many knee replacement Systems. 

MOBILE-BEARING DEVELOPMENT 

In 1998, John Insall stated, “The kinematic conflict between 
low stress articulations and free rotation cannot be solved by 
any fixed bearing design. . . . Fixed-bearing knee designs hâve 
reached their ultimate expression; often, this stage of devel¬ 
opment indicates impending obsolescence. Mobile-bearing 
knees offer an attractive avenue for future development.” 9 
Mobile-bearing knee replacement Systems were designed to 
prevent mechanical loosening and wear, the two primary 
shortcomings of early knee replacement Systems. 

Doug Noiles, an engineer with U.S. Surgical Corpora¬ 
tion, was one of the pioneers in recognizing that a duel 
articulation rotating-platform prosthesis would résolve the 
kinematic conflict between low stress articulation and high 
bearing conformity. He postulated that the high stresses 
at the tibial bone interface in conforming fixed-bearing 
implants would be significantly reduced by allowing rotation 
through the polyethylene-tibial base plate interface. Forces 
generated during normal ambulation were not transmitted 
to the prosthesis bone interface. This also allowed greater 
conformity between the fémoral component and polyethyl¬ 
ene, increasing contact areas and minimizing contact stresses 


(Fig. 12-4). In 1976, Noiles obtained a patent for the PS 
Rotating Platform Knee and Révision System. Richard 
“Dickey” Jones performed many of the early clinical trials 
on the System and helped develope the P-ROM, a press fit 
condylar (PFC) fémoral component, and a primary S-ROM 
tibial component with a mobile bearing. With extensive 
European expérience and clinical trials, the Noiles PS Rotat¬ 
ing Platform Knee eventually evolved into the PFC Sigma 
rotating-platform prosthesis (DePuy Orthopaedics Inc.). 

Following their design of the “floating-socket” total 
shoulder, Fred Buechel, an orthopédie surgeon, and engi¬ 
neer Michael Pappas were convinced that the mobile- 
bearing concept could résolve the dilemma between 
congruency and constraint in TKA designs. 10-12 The New 
Jersey Integrated Knee Replacement System was developed 
with a large radius of curvature in extension that was 
symmetrical in the sagittal and coronal planes and a nar- 
rower radius in the posterior condyle. This design maxi- 
mized contact areas in extension where loading is highest 
and allowed for improved flexion. In 1984, the FDA 
approved the sale of the New Jersey Knee System for 
cemented knee replacement based primarily on the expéri¬ 
ence of 2 3 orthopédie surgeons and the results from studies 
on 918 TKA procedures. 

In the early 1980s, DePuy Orthopaedics developed the 
Low Contact Stress (LCS) knee from the New Jersey Knee 
System. The LCS knee again maximized conformity with a 
matching coronal and sagittal radius of the fémoral compo¬ 
nent and the radii of the tibial polyethylene. There was also 
high conformity between the patella and the anterior flange 
of the component. This ail contributes to very low contact 
stresses, potentially minimizing polyethylene wear. The évo¬ 
lution of the LCS implant eventually offered a variety of 
surgical options. Meniscal bearings allowed the surgeon to 
retain the cruciate ligaments, and the rotating-platform 
option allowed sacrificing the cruciate ligaments whenever 
appropriate. 

Most surgeons in North America initially did not accept 
the mobile-bearing concept because its basis in biome- 
chanics was not well understood. Additionally, established 
total knee centers in North America were reporting good 
outcomes with modular fixed-bearing designs. Publications 
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FIGURE 12-4. Contact area and stress analysis demonstrating higher polyethylene contact areas (mm 2 ) and 
lower peak stresses (MPa) of three mobile-bearing total knee arthroplasty designs. (Reprinted with permission.) 


on mobile-bearing knee Systems focused on rare reports 
of surgical difficulty and complications. As the turn of 
the 21 st century approached, some of these misconceptions 
were eventually dispelled by midterm studies in North 
America, Europe, and Asia. 

Although early acceptance of mobile bearings was lim- 
ited in the United States, there was significantly more enthu- 
siasm for the LCS total knee System in Europe. In November 
1984, the first LCS was implanted in Europe. Intermediate- 
and long-term survival studies in Europe demonstrated reli- 
able function and low failures in both cruciate retaining 
meniscal-bearing components and cruciate sacrificing rotat- 
ing-platform implants. Polyethylene wear in older implants 
associated with gamma radiation in air sterilization demon¬ 
strated poor rates of bearing fatigue in traditional fixed- 
bearing designs; however, rotating-platform bearings failed 
in only 0.5 % of the cases, a significantly lower rate than their 
fixed-bearing counterparts. 

No published outcome study has demonstrated supe- 
rior results of mobile-bearing TKA over fixed-bearing 
TKA. 13,14 Callaghan 15 has stated, however, that the results 
of mobile-bearing TKA should be at least équivalent to the 
results of fixed-bearing TKA. Callaghan et al. 16 reported 
97% survival of the low contact stress mobile-bearing knee 
at 15 years. Sorrells and Stiehl 17 reported 88% survival at 
13 years in younger patients, under the âge of 65, using the 
same System. Long-term studies of the low contact stress 
mobile-bearing knee System by Beuchel et al. 18 reported 
98% survival at 20 years. None of these studies found more 
than 1 % periarticular osteolysis at medium- and long-term 
follow-up, validating the concept of minimal surface wear 
with mobile-bearing TKA. The scientific basis of mobile- 
bearing TKA is now firmly established. Wear testing data 


and dynamic kinematic motion studies highlight potential 
advantages of mobile-bearing TKA. These include decreased 
contact stresses and wear on the polyethylene inserts and 
reduced stresses transmitted to the implant-bone interface. 
Further clinical studies are ongoing. 

PATIENT SELECTION FOR MOBILE- 
BEARING, HIGH-FLEXION TOTAL KNEE 
ARTHROPLASTY 

Our practice has identified patients with disabling knee pain 
unresponsive to conservative measures as good candidates 
to receive a mobile-bearing TKA. Patient sélection is 
guided by patient expectations. Patients implanted with 
a mobile-bearing TKA may benefit from potential increase 
in range of motion (ROM) over fixed-bearing conventional 
knee Systems, especially with higher flexion requirements. 19 
Patients with significant coronal deformity, 20 degrees of 
valgus, and 25 to 30 degrees of varus may not hâve the adé¬ 
quate remaining soft tissues needed to create well-balanced 
flexion and extension gaps necessary to prevent instability 
and possible spinout. A more constrained polyethylene 
should be available for these cases as well as a fixed-bearing 
component. 

Preoperative fluid exercises, such as biking or swim- 
ming, préparé a patient for surgery and enhance return to 
function. Multimodal pain management programs encour¬ 
age early flexion range, as do educational programs to 
decrease patient anxiety and improve patient knowledge 
and expectations. 

Individuals with significantly limited preoperative ROM 
may hâve a better resuit with the use of a high-flexion 
rotating-platform TKA. Based on early clinical resuit studies 
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from R. E. Jones and A. S. Ranawat, patients who hâve a pre- 
operative ROM of 100 degrees or less can expect a significant 
increase in ROM after implantation with the high-flexion 
designed mobile-bearing TKA. 20-21 

Traditionally, postoperative ROM after TKA is most 
closely correlated to preoperative ROM for fîxed-bearing 
designs. 22-24 Dennis and Komistek 25 showed in dynamic 
fluoroscopie kinematic studies that abnormal kinematics 
are often observed only in gait with active weight-bearing 
testing versus passive non-weight-bearing conditions. Their 
study cited a mean ROM différence between active and 
passive of 4 degrees for normal knees, 20 degrees for fîxed 
cruciate retaining TKAs, and 15 degrees for fixed cruciate 
substituting TKAs, but only a différence of 4 degrees in 
rotating-platform cruciate substituting TKA. Jones and 
de Jong 26 demonstrated that there was not a positive corré¬ 
lation between postoperative ROM and preoperative ROM 
using a mobile-bearing cruciate substituting System. 26 In 
a sériés of 153 consecutive TKAs, a mean ROM of 123 
degrees (range, 95 to 145 degrees) was demonstrated at 
1 year postoperatively, whereas in a cohort of 32 knees with 
preoperative ROM of less than 95 degrees, mean ROM was 
120 degrees (range, 100 to 140 degrees) at 1 year. 

Improvements in ROM resulted from kinematics of 
fémoral rollback in the cruciate substituting design and the 
self-aligning character of the rotating platform Ranawat 
et al. 27 showed increased axial rotation and less condylar 
lift-off when comparing a matched sériés of cruciate sub¬ 
stituting fîxed-bearing TKAs versus cruciate substituting 
rotating-platform TKAs. 

Improved ROM in TKA is an important issue for many 
patients with certain types of employment, cultural lifestyles, 
and activities that require in high flexion. Knee flexion up to 
150 degrees is found routinely in cultures in the Middle and 
Far East. These issues hâve led to a new génération of TKA 
designs that allow flexion beyond 125 degrees. The designs 
share features of increased posterior condylar offset to main- 
tain bearing conformity and decrease line contact loading, 
extended trochlear grooves for congruent patellar contact, 
and an anteriorly recessed ultrahigh-molecular-weight poly- 
ethylene bearing to accommodate the increased excursion 
of the extensor mechanism. High-flexion activities, such as 
kneeling or praying, are done with internai rotation, external 
rotation, or neutral rotation. Maximum flexion requires a 
mobile-bearing tibial insert to accommodate the increased 
rotational forces. 19,25 

Jones 20 in a pilot study with bilateral TKAs, compared 
the PFC Sigma RP (DePuy Orthopaedics, Inc.) cruciate sub¬ 
stituting in one knee and the high-flexion PFC Sigma RPF 
in the other knee with the TKAs being performed sequentially 
by the author. Twenty-four patients with PFC Sigma RP 
demonstrated a postoperative ROM of 118 degrees. The 24 
TKAs in the contralatéral group with PFC Sigma RPF had 
a mean postoperative ROM of 128 degrees. This study, as well 
as results from Gupta et al., 21 point to a design-specific 
increase in postoperative ROM with a mobile-bearing high- 
flexion design. 


SURGICAL TECHNIQUE 

Attention to surgical detail is a key factor. Preoperative tem- 
plating of the latéral radiograph of the knee will demonstrate 
safe resection of 2 mm to 4 mm extra posterior condyle 
resection that may be necessary for the use of some high- 
flexion components. Preoperative templating demonstrates 
what range of implants the distal fémur can accommodate 
without anterior or posterior notching. The latéral radio¬ 
graph also identifies the bone posterior to the posterior edge 
of the implant condyle surface and posterior osteophytes that 
need to be removed to minimize potential impingement 
sources. Anteroposterior radiographs and alignment sériés 
demonstrate the resection level needed to produce a fiat tib¬ 
ial eut perpendicular to the tibial axis. Careful preoperative 
planning with radiographs will also identify the possible need 
for augments, stems, or a more constrained component. 

Figamentous balancing in rotating-platform knees is no 
different from balancing fîxed-bearing knees with regard to 
achieving predetermined goals. The surgeon must obtain 
proper axial alignment, as well as symmetrical tension on the 
ligaments in both flexion and extension. Finally, the surgeon 
must equalize the flexion extension gaps. Axial alignment is 
initially ensured by proper distal fémoral and proximal tibial 
bone cuts, which are made using intramedullary alignment 
guides or extramedullary guides or with computer-assisted 
navigation. The surgical technique for implanting a mobile- 
bearing knee should ensure a well-balanced knee in flexion 
and extension with equal flexion and extension gaps. Fémoral 
rotation can be set by a bony landmark method, such as the 
posterior condylar axis, transepicondylar axis, or perpendicu¬ 
lar to the anteroposterior axis of the distal fémur (Whitesides 
line). This is a set rotation and resection that does not 
account for individual variation of knee anatomy. In contrast, 
mobile-bearing knees are implanted using classic balance 
gap technique, in which the knees are initially balanced in 
extension after cutting the distal fémur and proximal tibia 
perpendicular to their mechanical axis. The knee is then 
tensed in flexion and the anterior posterior fémoral eut is 
made parallel to the tibia. The flexion and extension gaps 
are then equalized. The classic method, described as early as 
the 1970s by Insall, is still the preferred technique of many 
surgeons to achieve a rectangular space in flexion while 
obtaining proper fémoral rotation. 

The usual technique of performing distal fémoral eut is 
with the use of an intramedullary guide set at 5 to 7 degrees 
depending on the mechanical axis of the fémur. Care should 
be taken in determining the entry hole for the intramedullary 
guide as minor variations in the location affect the flexion, 
varus, and/or valgus position of the fémoral implant. 28 
A flexed fémoral component can increase or “overstuff ” the 
patellofemoral joint space, increase the potential for tibial 
post impingement, and alter the balance between the flexion 
and extension gaps. The proximal tibia is then resected 
perpendicular to the mechanical axis with either an intrame¬ 
dullary, extramedullary technique or computer-assisted navi- 
gational technique, which can also be used for fémoral 
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préparation. Posterior slope for the tibial eut is normally 
set at zéro, eliminating the possibilité of a varus or valgus 
eut due to improper rotation of the tibial cutting guide; how- 
ever, the LCS knee requires a 7-degree posterior slope. 
A tibial eut with excessive slope can also increase the risk 
of tibial post impingement during full extension in cruciate 
sacrificing TKA. 

Balancing the knee in extension using spacer blocks or 
tensometers in order to produce a rectangular extension 
gap follows the distal fémoral and proximal tibial cuts. It is 
important to remove any soft tissue or bony constraints prior 
to balancing the extension gap. This includes removal of ail 
osteophytes, meniscal tissue, and scaring that can tether the 
soft tissue and alter the extension gap space. 

Once the knee is balanced in extension, it is flexed to 
90 degrees and placed under tension. A laminar spreader, 
tensometer, or other distracting device is placed between 
the eut tibia and uncut posterior fémoral condyles. The col¬ 
lateral ligaments should be tensioned similarly, both medially 
and laterally. The anteroposterior fémoral eut is then made 
parallel to the tibia by appropriately rotating the cutting 
guide on the eut distal fémoral surface. This créâtes a rectan¬ 
gular flexion gap. Once the anterior and posterior fémoral 
cuts are made, the gaps are rechecked with spacer blocks, 
lamina spreaders, or a tensinometer. If the gaps are unequal, 
an algorithmic approach equalizing the gaps is undertaken. 
The use of a sequential balance gap surgical technique has 
been demonstrated to lead to excellent results, minimizing 
flexion gap instability. In a mobile-bearing knee, it is espe- 
cially critical to equalize these gaps to reduce the potential 
for bearing spinout. 

For cruciate retaining mobile-bearing implants, some 
authors hâve recommended posterior referencing for implant 
sizing in order to eliminate the danger of overresection of the 
posterior condyles, which can occur with an anterior refer- 
ence design. 21 This would lead again to flexion gap instabil¬ 
ity, if not appropriately accommodated with an implant, and 
loss of the offset between the condyles and posterior surface 
of the fémoral metaphysis can limit postoperative flexion. 

The tibial tray can be centered and fîxed along usual 
anatomie landmarks (tibial spine, second metatarsal, or médial 
third of the tibial tubercle) or “floated” in place setting rota¬ 
tion parallel to the fémur in extension. The curved tibial poly- 
ethylene insert in mobile-bearing components limits the 
amount of posterior rollback on flexion due to the increased 
conformity between the tibia and the fémur. The tibial com- 
ponent can externally typically rotate between 5 to 10 degrees 
as the knee is taken from extension to flexion; some designs 
can accommodate up to 20 degrees of rotation. This ability 
to self-correct and self-align makes mobile-bearing designs 
more permissive of some tibial malrotation and thus facili¬ 
tâtes patellar tracking by providing correction for increased 
Q angles. 

For cruciate sparing implants, balancing the PCL in 
mobile-bearing knees is best assessed through the slide-back 
test, analogous to fixed-bearing pull-out lift-off test. A trial 
insert is placed between the fémoral and tibial component 


without the stabilizing post. This allows the polyethylene 
insert to freely rotate, as well as slide, anteriorly and posteri- 
orly. The knee is flexed to 90 degrees and the anteroposterior 
position of the insert on the tray is noted. If the PCL is too 
tight, the insert will slide posteriorly on the tray. If the insert 
is too loose, the insert will slide forward over the front of the 
tray. In a well-balanced PCL, the insert is located 1 mm to 
3 mm posterior to the front of the tray. 

Last, the extensor mechanism is addressed and resur- 
faced if desired. Much has been written about preoperative 
ROM predicting postoperative ROM. Some authors hâve 
suggested that this may be the influence of the quadriceps 
excursion prior to TKA. 29 When patients lose ROM over 
an extended period, there are likely changes in cellular struc¬ 
ture of the muscle and tendon due to the lack of movement 
of the quadriceps through a normal physiologie range. As 
time passes with further muscle atrophy, muscle and soft tis¬ 
sue can be replaced by extensive fibrous scar tissues. In addi¬ 
tion, there is frequently growth of osteophytes that may 
impinge and mechanically block motion. Soft tissue adhe¬ 
sions between quadriceps and fémur can create additional 
limitations, as adhesions in the intrasynovial lining hâve a 
tethering affect. The surgeon should remove osteophytes, 
release tight adhesions, and remove any space-occupying 
structures that may interfère with quadriceps excursion. 

Painless and painful patellar crépitation and patellar 
clunk syndrome represent a spectrum of peripatellar scar for¬ 
mation particular to posterior stabilized knee components. 
The formation of this inflammatory scar tissue is related in 
part to implant design and surgical technique. Microscopie 
and gross fmdings of this tissue demonstrate varying degrees 
of inflammatory fibrous hyperplasia. Although patellar clunk 
syndrome was first reported with the Insall-Burstein IB- 
2 implant posterior stabilized design, it has been observed 
in other manufacturera’ posterior stabilized designs as well. 
Its incidence ranges between 1% and 5% in different sériés. 

To minimize these complications, the tibial base plate 
should be positioned posteriorly on the plateau. Such posi- 
tioning will improve the post and cam mechanism and will 
also enhance the pull of the quadriceps. Elevating the joint 
line can also contribute to patella Baja. Placement of the 
fémoral component in significant extension or flexion can lead 
to soft tissue entrapment and increased tension on the quadri¬ 
ceps mechanism leading to scar formation. Normal flexion 
and extension positions of the fémoral component reduce 
the chances of soft tissue entrapment, as well as excessive post 
wear secondary to post box impingement in extension. 

When mobile-bearing knees are implanted, some sur¬ 
geons prefer to insert the real polyethylene liner into the tib¬ 
ial tray before cementing the fémoral component. The 
potential disadvantage of this technique is the inability to 
remove posteriorly extruded cernent after cernent polymeri- 
zation. Alternatively, the trial insert can be placed without 
the stabilizing post, allowing compression of the cemented 
components and the relatively easy removal of the insert to 
inspect behind the components. To implant the polyethelene 
bearing the tibia is subluxed anteriorly and the insert is 
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dropped into place. The latéral side is reduced first and 
the médial side is relocated as the knee is brought from 
100 degrees of flexion to 70 degrees of flexion. 

IMPLANT SIZING 

Mobile-bearing total knee Systems demonstrate many 
unique characteristics. This design maintains congruity 
due to an intimate coaptation of the polyethylene compo- 
nent on the fémoral component. Because of its ability to 
rotate and autoalign, mobile-bearing total knees hâve the 
ability to maintain its congruency through the knees normal 
ROM. This solves the kinematic conflict between low stress 
articulation and high bearing conformity and minimizes 
roll-back, keeping bearing sizes smaller. Fixed-bearing 
designs must allow roll-back, as well as rotation between 
the fémoral component and the polyethylene surface in 
order to accommodate normal ROM. This would require 
a larger fixed-bearing total knee tibial polyethylene compo¬ 
nent, which can cause further constraint when positioning 
the tibial tray because of the need to align the extensor 
mechanism and allow patellar articulation down the center 
of the fémoral component trochlea. Asymmetrical tibial 
components available from some manufacturers of fixed- 
bearing implants may limit the surgeon’s ability to orient 
the tray appropriately due to the priority based on coverage 
of the resected tibial bone. The symmetrical component 
may hâve less constraint to cover the tibial bone, as the 
implant is smaller. To achieve coverage and obtain proper 
rotation in a fixed-bearing knee, there is often the need to 
allow some overhang of the posterior latéral tray and/or 
uncover the posterior médial tibial surface. 

In some mobile-bearing designs, a symmetrical tray has a 
polyethylene insert that is self-aligning; thus, the position of 
the métal tray in relation to anatomical tibial landmarks is 
not critical for alignment of the extensor mechanism. The 
bearing motion results in correction of the Q angle maintain- 
ing extensor mechanism alignment and facilitâtes better 
patellar tracking. This allows the tibial tray to be placed in a 
position that optimizes coverage of the proximal tibia’s 
resected surface. There is no need to overhang the posterior 
latéral tibial plateau. This also has an additional advantage 
in placing the métal tray anterior to the popliteus tendon. 
The métal tibial tray additionally allows insertion of a poly¬ 
ethylene component from one size smaller to one size larger. 
This issue is particularly important in some patients. In a 
study by Goldstein et al., 32 the author prospectively recorded 
implant sizes used in 874 primary TKAs. When men and 
women were evaluated separately, the knees in women more 
frequently had a tibial component that was one size smaller 
than the fémoral component (64% versus 36.5%). 

Mobile-bearing designs, due to their inhérent ability to 
self-align, allow for better tibial sizing based on coverage of 
the resected tibial surface, as opposed to placement of the 
tibial tray to best accommodate fémoral alignment in exten¬ 
sion. Fémoral component can still be upsized and downsized 
based on prioritizing the anterior posterior dimension. 


As évident in recent studies by Hit et al., 33 implants do 
not necessarily match morphologie dimensions of the distal 
fémur, especially in females, who typically hâve a narrower 
fémur. This results in overhang of the fémoral components 
in some designs. In most implants, overhang is minimal 
and the clinical implication of this is hypothetical. It has been 
suggested that this might affect médial latéral tensioning. 
Pain from impingement on the collateral ligament is possi¬ 
ble, yet has not been reported as a clinical problem. The 
médial and latéral gutters are areas where the surgeon may 
see additional accumulation of scar tissue after TKA. If there 
is deeper fémoral resection, the implant edge gets doser to 
the épicondyle and doser to the insertion of the collateral 
ligament and may leave less space in the médial and latéral 
gutters. In the rare cases in which the fémoral implant is 
smaller on the médial and latéral dimensions than on the 
fémur, there may be slight bone surface that is exposed. It 
has been the authors’ technique to chamfer the exposed edge 
with a rongeur. 

COMPLICATIONS 

There are three bearing complications that can occur in 
mobile-bearing knee TKA: tibiofemoral dislocation, polyeth¬ 
ylene tray dissociation, and mobile-bearing spinout. Although 
tibiofemoral dislocation and polyethylene dissociation can 
occur in both fixed-bearing and mobile-bearing designs, 
spinouts are unique to mobile-bearing implants. Earlier 
mobile-bearing designs without stops were found to hâve 
the potential to impinge on soft tissue, sublux, or dislocate. 

Tibiofemoral dislocations are typically caused by signif- 
icant flexion instability. Additional factors involved in this 
complication include tibial post height, tibial post fracture, 
and extensor mechanism deficiency. Dissociation of the 
mobile-bearing polyethylene from the tibial tray is usually 
the resuit of flexion instability between the tibial and fémo¬ 
ral components allowing the polyethylene to lift out of the 
tibial tray. The length of the post inside the tibial tray is 
usually protective in this situation and this complication 
is rarely seen. 

For cruciate retaining mobile-bearing TKA, the most 
significant technical considération is spinout or dislocation 
of the bearing. This is usually the resuit of flexion gap asym- 
metry and/or tight PCL. During spinout, the fémoral com¬ 
ponent temporarily disengages from the articular surface of 
the polyethylene insert while the tibial tray and fémoral com¬ 
ponents remain stationary (Fig. 12-5). Spinout, described by 
many authors, is classically an error in surgical technique 
resulting in flexion gap imbalance. Rotating bearing disloca¬ 
tion or spinout occurs in high flexion and it usually results 
in a “latéral” spinout. The latéral fémoral condyle moves 
posteriorly and the latéral half of the insert dislocates for- 
ward. The médial side maintains its articulation between 
the fémoral condyle and the polyethylene bearing. A curved 
insert used for posterior cruciate rétention is more vulnér¬ 
able to spinout than a posterior stabilized insert. Reasons 
include a tight preserved PCL usually causing spinout and 
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FIGURE 12-5. Spinout of a cruciate sparing rotating-platform bearing 
demonstrating the loss of latéral contact of the fémur with the 
bearing insert. (Reprinted with permission.) 


the lack of intercondylar constraint or post. The possibility 
of spinout should always be checked with the patella located. 
Cases hâve been described where spinout occurs with the 
patella everted but is prevented with the extensor mechanism 
reduced. If spinout persists with the patella located, a tight 
PCL is the most common cause. This can be observed under 
direct vision and palpation. A tight PCL can also be assessed 
with the previously described “slide-back” test. 

Release of a tight PCL should be done on the fémoral 
side starting with the most anterior latéral fibers and pro- 
gress to the more posterior médial fibers. There will be some 
cases in which only 10% to 20% of the PCL needs to be 
released to eliminate spinout (usually the most anterior and 


latéral fibers); however, at times the entire PCL has to be 
released. Even in the latter case, conversion to posterior cru¬ 
ciate substitution is rarely necessary. If, despite a complété 
PCL release, the spinout persists and the latéral side is Corn¬ 
ing forward, one should check for a tight popliteus tendon, a 
rare cause of spinout. If latéral spinout still persists, one 
could try the next larger size of polyethylene bearing (same 
thickness). The larger size will provide a longer anterior 
posterior dimension of the insert reducing the risk of 
dislocation. 34 

In most mobile-bearing designs the bearing is smaller 
than the same size of a fixed-bearing. This allows a smal¬ 
ler tibial tray to be used with a larger fémoral component. 
In matched fémoral and tibial sizes, the matched insert allows 
in some designs 10 degrees of internai and external rotation 
before the insert protrudes over the edge of the métal tray. 
A larger insert on the smaller tray still allows for approxi- 
mately 5 degrees of internai and external rotation without 
overhang. However, this does resuit in a slight decrease in 
contact area. 34 The différence with a résultant contact area 
is still greater than that of most fixed-bearing designs. If 
spinout persists despite the use of a larger insert, one can 
switch either to a posterior stabilized insert or to fixed bearing. 

Occasionally, when spinout occurs, the médial side 
cornes forward (Fig. 12-6). This scénario is almost always 
in a severe varus deformity, where extensive médial capsular 
dissection has been performed for exposure and ligamentous 
balancing. The médial spinout will typically disappear when 
the capsule is closed making sure the deep médial collateral 
ligament (MCL) and the patella are appropriately reduced 
and relocated. If “médial” spinout persists, a thicker polyeth¬ 
ylene insert may be necessary to stabilize the flexion gap. 
The latéral side soft tissues will usually accept this increase 
in flexion space. If the thicker insert limits terminal extension 
producing a flexion contracture, the distal fémur may require 
additional resection. 

A meta-analysis literature review for mobile-bearing 
spinout was conducted by John Chiavetta and Thomas 



FIGURE Î2-6. Médial spinout of a mobile-bearing trial insert (left) and spontaneous réduction (right) after 
the réduction of the extensor mechanism. (Reprinted with permission.) 
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Fehring and colleagues. 35 Their review of LCS knees (SAL) 
self-aligning knee demonstrated spinout rates between 0% 
and 11.8%. That same study looked at 426 knees in 393 
patients and found no incidents of acute spinout. In the his- 
torical control group, there were 28 spinouts in a total of 
3,999 knees, or 0.7%. There was one incidence of tibiofe- 
moral dislocation that developed in a Charcot joint with 
patella fracture 4 years postoperatively. Goldstein et al., 
reported on 2000 mobile-bearing cases. 22 In their fîrst 500 
cases, paying attention to PCL balancing and using posterior 
condylar cleanout technique, they had one spinout and one 
case of subluxation. The remaining 1,500 cases had no noted 
bearing instability. Their average flexion was 123 degrees. 
S. Ridgeway and J. T. Moskal looked at 25 cases of clinical 
instability following mobile-bearing TKA. 36 Every cases 
had clinical evidence of severe coronal-plane instability and 
pain. Eight cases had bearing polyethylene dislocation or 
subluxation; 23 patients had symptoms within 2 years of 
surgery. They concluded that any potential long-term benefit 
of design innovations must be balanced with known prob- 
lems leading to early failure. Early failure in mobile-bearing 
designs can occur as a resuit of instability secondary to the 
surgical error in soft tissue balancing. 

SELECTED OUTCOME STUDIES 

Although a variety of methods based on bony landmarks hâve 
been described, it is counterintuitive to believe that the same 
bony landmarks can be used to set rotation for every patient. 
Each knee requires a variety of different releases to balance 
that particular knee in extension. Using a measured resection 
technique in a mobile-bearing implant may lead to flexion 
instability that is less tolerated by mobile-bearing implants 
compared to fixed-bearing implants. 

Implantation of a total knee in less-than-perfect position 
can limit flexion due to incongruence between the surface of 
the tibial tray and the malrotated fémoral component. In 
both mobile-bearing and fixed-bearing implants, fémoral 
malrotation can hâve a deleterious affect on the patellofe- 
moral joint causing patellar malalignment and tilt-limiting 
flexion. As previously mentioned, malrotation can signifi- 
cantly increase tightness in the flexion space, either médial 
or latéral, leading to abnormal polyethylene wear and abnor¬ 
mal motion of the fémoral polyethylene interface. Malrota¬ 
tion can also lead to patellar subluxation and dislocation. 

Multiple studies hâve demonstrated that using the poste¬ 
rior condylar axis as a reference for fémoral rotation, after 
significant soft tissue releases created errors in rotation 
greater than 3 degrees 45% of the time. 37-39 Such errors 
resuit in trapezoidal flexion space and can limit ROM and 
cause “nutcracker” pain as the patient tries to bend against 
an overly tightened ligament on the narrow si de of the 
flexion space. 

Implantation of a thicker tibial insert, to balance exten- 
sor space, is required if the joint line is raised by overresect- 
ing the distal fémur. If the fémur is not downsized, the 
flexion space will be too tight and limit flexion. This will also 


increase tension of the PCL and limit flexion. Goldstein 
et al. 40 performed finite element analysis (ABAQUS, Inc., 
Providence, Rhode Island) that demonstrated that to achieve 
maximal flexion, a cruciate substituting posterior stable 
implant was needed. They also identified the importance of 
condylar offset and eliminating posterior osteophytes with 
cleanout of the posterior condylar space in achieving maxi¬ 
mum flexion. 

Johal, et al. 41 studied weight-bearing and non-weight- 
bearing knee kinematics using interventional magnetic 
résidence imaging and found that, during flexion to 
120 degrees, the fémur rotated externally through an angle 
of 20 degrees. However, at flexion beyond 120 degrees, 
both fémoral condyles moved posteriorly to a similar degree. 

Contemporary fixed-bearing designs increase bearing 
congruency to diminish stress. Ultra high-molecular-weight 
polyethylene (UHMWPE) sterilization in an inert environ¬ 
ment improves its mechanical properties. With these newer 
implants and polyethylene, the expected failure mode of the 
modem total knee is wear debris-induced osteolysis from 
the articulating and non articulating surface of the polyethyl¬ 
ene. UHMWPE surface wear is dépendent on kinematic 
input (i.e., rotation and anterior posterior displacement), 
TKA design, and polyethylene. McEwen et al. clearly 
demonstrated surface wear, in a fixed-bearing total knee, 
is dépendent on displacement and rotation kinematics. 
Doubling the amount of rotation and anterior posterior dis¬ 
placement in physiologie wear simulator tests causes a 5-fold 
increase in the amount of UHMWPE produced per million 
cycles. 

The multidirectional friction vectors produced in fixed- 
bearing TKA can be converted to monodirectional wear 
paths in rotating-platform knees (Fig. 12-7), which signifi- 
cantly reduces UHMWPE particle génération in physiologie 
knee simulation testing. The alteration in mechanics, contact 
force, and vectors inhérent in the dual articulation of the 
rotating-platform TKA design causes UHMWPE molécules 
to orient along the principal axis of the monodirectional 
motion, which hardens the UHMWPE. Pooley and Tabor 42 
hâve shown that in unidirectional motion, the polyethylene 
molécules align, which decreases the coefficient of frictions 
and decreases polyethylene wear. And when polyethylene is 
exposed to multidirectional motion, there is increased shear 
forces resulting in increased wear. 

SUMMARY/CONCLUSION 

Mobile-bearing TKA allows for increased conformity both 
in the sagittal and coronal planes without the concomitant 
increased risk of component loosening. Kinematic gait 
analyses hâve demonstrated improved AP translation and 
less condylar lift-off, qualifies that should equate to the 
long-term potential for decreased polyethylene wear, oste¬ 
olysis, and implant loosening. In fixed-bearing TKA designs, 
multidirectional motion, consisting of flexion-extension and 
rotation, both occur on the articular surface of the poly¬ 
ethylene; however, in mobile-bearing total knee designs, 
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alignment and patellar tracking. In cruciate sacrificing 
designs, the rotational self-correction leads to less tibial post 
impingement and subséquent less post wear. Mobile-bearing 
designs hâve been shown to additionally hâve a rôle in deep 
flexion, since rotation has been shown to be especially béné¬ 
ficiai in deep flexion. Ail these qualifies hâve demonstrated 
decreased stress transmitted to the implant-bone interface, 
which protects the fixation interface. 

With the indications for TKA increasing to include 
younger, heavier, and more active patients, along with inc¬ 
reasing patient life expectancy, there is a need for increased 
TKA implant survivorship, functional performance, and load 
tolérance. Current patient populations also expect a well- 
designed and functional implant that will provide the poten- 
tial for increased longevity and TKA survivorship despite the 
increased physical demands placed on their knee implants. 
Mobile-bearing technology appears to be a step toward satis- 
fying these demands. The true benefits of mobile-bearing 
TKA may be demonstrated after 20 to 30 years of use. 


SUGGESTED READING 

Buechel FF Sr: Long-term followup after mobile-bearing total knee 
replacement. Clin Orthop and Rel Res 404:40-50, 2002. 

Fehring TK, Murphy JA, et al: Factors influencing wear and osteolysis in 
press-fit coddylar modular total knee replacements. Clin Orthop 
Rel Res 428:40-50, 2004. 

Fisher J, McEwen HM, Tipper JL, et al: Wear, débris and biologie activ- 
ity of cross-linked polyethylene in the knee: Benefits and potential 
concerns. Clin Orthop Rel Res 428:114—119, 2004. 

Harris WH, Muratoglu OK: A review of current cross-linked polyethy- 
lenes used in total joint arthroplasty. Clin Orthop Rel Res 430: 
46-52, 2005. 

Hirakawa K, Bauer TW, et al: Relationship between wear débris parti- 
cles and polyethylene surface damage in primary total knee 
arthroplasty. J Arthroplasty 14:165-171, 1999. 

Kuster MS, Horz S, et al: The effects of conformity and load in total 
knee replacement. Clin Orthop Rel Res 375:302-312, 2000. 

Mikulak SA, Mahoney OM, et al: Loosening and osteolysis with press-fit 
condylar posterior-crusciate-substituting total knee replacement. 
J Bone Joint Surg Am 83A:398-403, 2001. 

Puloski SK, McCalden RW, et al: Tibial post wear in posterior stabilized 
total knee arthroplasty: An unrecognized source of polyethylene 
débris. J Bone Joint Surg Am 83A:390-397, 2001. 


REFERENCES 


FIGURE Î2-7. Kinematics and motion of fixed-bearing 1 design 
demonstrating the multidirectional wear on the polyethylene 
bearing surface and mobile-bearing 2 design with the séparation of 
the axial and rotational forces. ( Reprinted with permission.) 

résultant decoupling of this multidirectional motion into two 
unidirectional motions occurs, with flexion-extension taking 
place at the articulation surface and rotation taking place at 
the nonarticulation surface. Larger contact areas with 
decreased peak stresses and the uncoupling of sagittal and 
axial motion through duel articulating polyethylene surfaces 
should reduce the overall wear rates in UHMWPE. 

Mobile-bearing TKA also demonstrates self-alignment 
to some degree, which is more forgiving of tibial component 
malrotation and allows some self-correction of an increased 
Q angle, which further improves extensor mechanism 


1. Robinson RP: The early innovators of today’s resurfacing condylar 
knees. J Arthroplasty 20(suppl 1):2—26, 2005. 

2. Sharkey PF, Hozack WJ? Rothman RH, et al: Why are total knee 
arthroplasties failing today? Clin Orthop Relat Res 404:7-13, 2002. 

3. Greenwald AS, Heim CS: Mobile bearing knee Systems: Ultra-high 
molecular weight polyethylene wear and design issues. Instr Course 
Lecture 54:195-205, 2005. 

4. Rao AR, Engh GA, Collier MB, et al: Tibial interface wear in 
retrieved total knee components and corrélation with modular insert 
motion. J Bone Joint Surg Am 84:1849-1855, 2002. 

5. Conditt MA, Stein JA, Nobel PC: Factors affecting the severity of 
backside wear of modular tibial inserts. J Bone Joint Surg Am 
86:305-311,2004. 

6. Conditt MA, Thompsom MT, Ursey MM, et al: Backside wear of 
polyethylene tibial inserts: Mechanism and magnitude of material 
loss. J Bone Joint Surg Am 87:326-331, 2005. 

7. Collier MB, Engh CA Jr, McAuley JP, et al: Osteolysis after total 
knee arthroplasty: Influence of tibial baseplate surface finish and 
sterilization of polyethylene insert. Findings at five to ten years post- 
operatively. J Bone Joint Surg Am 20(suppl 3):2702—2708, 2005. 





































146 PRIMARY TOTAL KNEE ARTHROPLASTY 


8. Morra EA, Postak PD, Plaxton NA, et al: The effects of external 
torque on polyethylene tibial insert damage patterns. Clin Orthop 
Relat Res 410:96, 2003. 

9. Insall JN: Adventures in 1998; mobile-bearing knee design: A mid- 
life crises. Orthopedics 21:1021-1023, 1998. 

10. Buechel FF: The FCS story. In Hamelynk KJ, Stiehl JB (eds): FCS 
Mobile Bearing Knee Arthroplasty: A 25 Year Worldwide Review. 
Heidelberg, Germany, Springer, 2002:19-25. 

11. Pappas MJ: Engineering design of the FCS knee replacement. In 
Hamelynk KJ, Stiehl JB (eds): FCS Mobile Bearing Knee Arthro¬ 
plasty: A 25 Year Worldwide Review. Heidelberg, Germany, 
Springer, 2002:39-52. 

12. Pappas MJ, Makris G, Buechel FF: Wear in prosthetic knee joints. 
Presented at the 72nd Annual Meeting of the American Academy 
of Orthopaedic Surgeons, February 23-27, 2005, Washington, DC. 

13. Kim YH, Kook HK, Kim JS: Comparison of fixed-bearing and 
mobile-bearing total knee arthroplasties. Clin Orthop Rel Res 
392:101-115, 2001. 

14. Pagnano MW, Trousdale RT, Stuart MJ, et al: Rotating platform 
knees did not improve patellar tracking: A prospective randomized 
study of 240 primary total knee arthroplasties. Clin Orthop Rel 
Res 428:221-227, 2004. 

15. Callaghan JJ: Mobile bearing knee replacement: Clinical results—A 
review of the literature. Clin Orthop Rel Res 392:221-225, 2001. 

16. Callaghan JJ, O’Rourke MR, Iossi MF, et al: Cemented rotating 
platform total knee replacement. A concise follow-up, at a minimum 
of fifteen years of a previous report. J Bone Joint Surg Am 87: 
1995-1998, 2005. 

17. Sorrells RB, Stiehl JB, Voorhorst PE: Midterm results of mobile 
bearing total knee arthroplasty in patients younger than 65 years. 
Clin Orthop Rel Res 390:182-189, 2001. 

18. Beuchel FF Sr, Buechel FF Jr, Pappas MJ, et al: Twenty year évalua¬ 
tion of the New Jersey FCS rotating platform knee replacement. 
J Knee Surg 15:84-89, 2002. 

19. Komistek RD, Dennis DA, Mahfouz MF, et al: In vivo polyethylene 
mobility is maintained in posterior stabilized total knee arthroplasty. 
Clin Orthop Rel Res 428:207-213, 2004. 

20. Jones RE: High-flexion rotating-platform knees: Rationale, design, 
and patient sélection. Orthopaedics 29(9 suppl 1):S76—S79, 2006. 

21. Gupta SK, Ranawat AS, Shah V, et al: The P.F.C. Sigma RP-F TKA 
designed for improved performance: A matched pair study. 29 
(9 suppl 1):S50-S53, 2006. 

22. Goldstein WM, Gordon AC, Branson JJ: Optimizing range of 
motion in cruciate-retaining mobile-bearing TKA: Expérience with 
2000 cases. Orthopaedics 29(9 suppl):S71-S75, 2006. 

23. Ritter MA, Harty FD, Davis KE, et al: Predicting range of motion 
after total knee arthroplasty: Clustering, log-linear régression, and 
régression tree analysis. J Bone Joint Surg Am 85A:1278-1285, 2003. 

24. Ritter MA, Campbell ED: The effect of range of motion on the 
success of a total knee arthroplasty. J Arthroplasty 2:95-97, 1987. 

25. Dennis DA, Komistek RD, Mahfouz MR, et al: A multicenter 
analysis of axial fémoral tibial rotation after total knee arthroplasty. 
Clin Orthop Rel Res 428:180-189, 2004. 

26. Jones RE, de Jong FJ: Pre-op range of motion does not influence 
post-op range of motion in rotating platform cruciate-substituting 
TKA. Presented at the 70th Annual Meeting of the American 


Academy of Orthopaedic Surgeons, February 5-9, 2003, New 
Orléans, FA. 

27. Ranawat CS, Komistek RD, Rodriguez JA, et al: In vivo kinematics 
for fixed and mobile-bearing posterior stabilized knee prosthesis. 
Clin Orthop Relat Res 418:184-190, 2004. 

28. Mihalko WM, Boyle J, Clark FD, et al: The variability of intrame- 
dullary alignment of the fémoral component during total knee 
arthroplasty. J Arthroplasty 20:25-28, 2005. 

29. Snyder-Maclder F, Deluca PF, Williams PR, et al: Reflex inhibition 
of the quadriceps femoris muscle after injury or reconstruction of 
the anterior cruciate ligament. J Bone Joint Surg Am 76:555-560, 
1994. 

30. Insall J, Fachiewicz PF, Burstein AH: The posterior stabilized 
condylar prosthesis: A modification of the total condylar design. 
Two- to four-year clinical expérience. J Bone Joint Surg Am 64: 
1317-1323, 1982. 

31. Hozak WJ, Rothman RH, Booth RE Jr, et al: The patellar clunk 
syndrome. A complication of posterior stabilized total knee arthro¬ 
plasty. Clin Orthop Rel Res 241:203-208, 1989. 

32. Goldstein WM, Branson JJ, Simmons C: Implant sizing of the 
PFC Sigma rotating platform total knee System. Orthopeadics 29 
(9 suppl):S30-S35, 2006. 

3 3. Hit K, Shurman JR II, Greene K, et al: Arthropometric measure- 
ments of the human knee: Corrélation to the sizing of current knee 
arthroplasty Systems. J Bone Joint Surg Am 85(suppl 4): 115—122, 

2003. 

34. Scott RD: Surgical technique tips and pearls in rotating-platform 
knee arthroplasty. Orthopedics 29(9 Suppl):S64-67, 2006. 

35. Chiavetta J, Fehring TK, Odum S, et al: Importance of a balanced- 
gap technique in rotating platform knees. Orthopeadics 29(9 suppl): 
S45-S48, 2006. 

36. Ridgeway S, Moskal JT: Early instability with mobile-bearing total 
knee arthroplasty: A sériés of 25 cases. J Arthroplasty 19:686-693 

2004. 

37. Pagnano MW, Hanssen AD: Varus tibial joint line obliquity: 
A potential cause of fémoral component malrotation. Clin Orthop 
Rel Res 392:68-74, 2001. 

38. Olcott CW, Scott RD: A comparison of 4 intraoperative methods 
to détermine fémoral component rotation during total knee arthro¬ 
plasty. J Arthroplasty 15:22-26, 2000. 

39. Fehring TK: Rotational malalignment of the fémoral component in 
total knee arthroplasty. Clin Orthop Rel Res 380:72-79, 2000. 

40. Goldstein WM, Rabb DJ, Gleason TF, et al: Why posterior 
cruciate-retaining and substituting total knee replacements hâve 
similar range of motion. The importance of posterior condylar offset 
and cleanout of the posterior condylar space. J Bone Joint Surg Am 
88(suppl 4): 182-188, 2006. 

41. Johal P, Williams A, Wragg P, et al: Tibio-femoral movement in the 
living knee. A study of weight bearing and non-weight bearing knee 
kinematics using “interventional” MRI. J Biomech 38:269—276, 

2005. 

42. McEwen HM, Barnett PI, Bell CJ, et al: The influence of design, 
materials and kinematics on the in vitro wear of total knee replace¬ 
ments. J Biomech 38(2):357—365, 2005. 

43. Pooley CM, Tabor D: Friction and molecular structure: The behav- 
ior of some thermoplastics. Proc R Soc Fond 329:251-274, 1972. 



C H A P T E R 


1 3 

I 


Intraoperative Complications during Total 
Knee Arthroplasty: How to Get Out of Trouble 


C. Lowry Barnes Richard D. Scott 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: When performing a total knee arthroplasty, it is likely that the surgeon may encounter a dilemma, potential crisis, or 
other unexpected obstacle. There are many pitfalls that can occur during total knee arthroplasty and in the immédiate postoperative period. This 
chapter will address such problems and offer potential solutions for each. 

IMPORTANT POINTS: 

1. Surgical incision(s) 

2. Skin necrosis 

3. Draining wounds 

4. Excessive drainage following surgery 

5. Treating large hematomas 

6. Patellar tendon avulsion 

7. Médial collateral ligament injury issues 

8. Popliteus impingement issues 

9. Size discrepancies 

10. Vascular compromise 

CLINICAL/SURGICAL PEARLS: 

1. It is important that the surgeon hâve techniques in his or her armamentarium to address the handling of ail of these issues both during the 
operation as well as postoperatively to diagnose and treat these issues. 

CLINICAL/SURGICAL PITFALLS: 

1. The key to prévention of intraoperative complications is to anticipate their possibility and be able to recognize their presence when treating a 
total knee arthroplasty patient. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

When performing a total knee arthroplasty (TKA), it is 
likely that the surgeon will encounter a dilemma, potential 
crisis, or other unexpected obstacles. It is obvious that 
the récognition of any complication as well as the ability 
to address and treat it is paramount for an orthopédie 
surgeon. When addressing a TKA patient, there is a subset 
of spécifie concerns that a surgeon must consider. This 
chapter will address such problems and offer potential 
solutions for each. 


SURGICAL INCISION 

Following TKA, wound necrosis can sometimes follow. 
When this does occur, the wound necrosis can be a minor 
inconvenience or can lead to a major crisis, such as a second- 
ary infection, and the potential loss of the knee arthroplasty. 
Choosing the right incision is of primary importance and 
many factors must be taken into considération; most impor¬ 
tant is the location of prior incisions. Incisions from previous 
surgical procedures greatly increase the risk for wound 
necrosis, as necrosis of the wound is most likely to occur in 
these areas; therefore, respect for prior incisions is 
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FIGURE 13-1. The knee does not usually tolerate multiple parallel or 
Crossing incisions. 


FIGURE 13-2. Skin necrosis occurring after a médial incision was 
made parallel to an old latéral incision. 


impérative. The knee, unlike the hip, does not tolerate paral¬ 
lel incisions or incisions that cross one another (Fig. 13-1). 
Ideally, the skin incision for an uncompromised knee is verti¬ 
cal and reasonably straight. The incision should be 10 to 
15 cm long, begin over the distal aspect of the fémur, cross 
the médial third of the patella, and complété itself just médial 
to the tibial tubercle. Incisions encountered from surgical 
procedures that occurred during the 1970s will likely be 
parapatellar with curvature around the médial border of the 
patella creating a latéral skin flap. Many times, this type of 
incision led to necrosis at the apex of the flap; therefore, 
the change to straight incisions occurred over the years. Evi¬ 
dence has shown that the vascular supply of the skin in this 
area is much more tolérant of a medially based flap, as 
opposed to the laterally based flap. The knee that is most 
vulnérable to wound necrosis is one that has a prior long lat¬ 
éral incision followed by a parallel more médial incision 
(Fig. 13-2). When the surgeon décidés that a parallel incision 
is necessary, the bridge between the two incisions should be 
as wide as possible with a minimum bridge of 8 cm. Addi- 
tionally, a latéral incision elevating a médial based flap for 
médial arthrotomy may be considered. In considération of 
an arthritic knee in valgus, a latéral arthrotomy where the 
patella is everted medially should be seriously considered. 
When more than one incision is présent, the most latéral that 
is usable should be used. Another alternative is to use the most 
recent incision that has successfully healed. In uncertain or 
problematic areas, the surgeon might consider the “sham” or 
“delayed incision.” The “sham” technique is a technique that 
was advocated by Dr. Frederick Ewald (personal communica¬ 
tion). This type of incision involves making a skin incision and 


elevating the flaps in préparation for the arthrotomy. When 
using a tourniquet, it should be deflated or not inflated at 
ail. Following this préparation, the médial and latéral skin 
edges should be inspected for any signs of active bleeding. If 
active bleeding is not présent, the procedure should be termi- 
nated and consultation with a plastic surgeon should ensue. 

The “delayed incision,” advocated by Dr. John Insall 
(personal communication), begins like the “sham” technique 
with a skin incision being made, followed by élévation of the 
flaps for arthrotomy. The wound is then closed regardless of 
the clinical appearance. In the absence of any skin necrosis, 
the knee arthroplasty is then carried out 4 to 6 weeks later 
using the same incision site. The rationale behind the 
“delayed incision” is based on the assumption that the tech¬ 
nique tests the viability of the skin flap, as well as promoting 
increased collateral circulation secondary to the healing 
process. 

When tight adhèrent skin and subcutaneous tissue are 
présent, tissue expanders hâve been used with excellent 
results. 1 In severely scarred cases, the plastic surgery con¬ 
sultant may recommend a free flap transfer of muscle or 
fasciocutaneous tissue. 

Figure 13-3 illustrâtes the most frequently encountered 
prior knee incisions, including diagrams of approaches most 
likely to be used in each case. 

WHAT TO DO FOR SKIN NECROSIS 

In the presence of skin necrosis, it is vitally important to keep 
the skin sealed for as long as possible to allow the capsular inci¬ 
sion to heal. To aid in this process, ail range-of-motion exercises 
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FIGURE 13-3. A: A short oblique médial incision can be extended to a longer médian para-patellar incision. B. In a prior long oblique 
médial incision only the distal half is utilized. C. Transverse old incisions can usually be ignored. D. A prior short oblique "Coventry" 
incision can usually be ignored. E. After a short oblique prior latéral arthrotomy, the incision should be shifted medially to widen the 
skin bridge. F. A long prior latéral para-patellar must be respected and utilized. 


are halted and immobilization of the knee is recommended. The 
knee splint should be easily removable to allow for daily inspec¬ 
tion of the wound site. After a 10-day period, the size of necrosis 
should be assessed and range of motion can commence. If 
necrosis is going to be a problem, this 10-day period will allow 
ample time for the necrosis to déclaré itself. When drainage 
from around the area of necrosis does not slow or cease within 


several days, consultation with a plastic surgeon for immédiate 
intervention is necessary. 

Several other options exist for treatment of skin necrosis 
about a TKA. When the area of skin necrosis is small and 
dry, the site can be left to granulate beneath the eschar. On 
the other hand, if the area is relatively small and the skin is pli¬ 
able, the area can be excised and closed primarily. Once the 
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joint capsule has sealed, the area can be excised and a split- 
thickness skin graft can be used. However, if the necrotic area 
is extensive with an unsealed or exposed joint, a gastrocnemius 
muscle flap may be required followed by a split-thickness skin 
graft. Alternately, a free tissue transfer may be required. 

On occasion, patellectomy has allowed resolution of the 
skin necrosis problem in patients with severe preoperative 
deformities where extensive latéral release has been per- 
formed with sacrifice of the latéral genicular vessels. In these 
patients, bone Scan has shown no uptake in the patella, indi- 
cating the site to be avascular. 2 The patella is always greater 
than 2 cm thick; therefore, removing it should provide suffi- 
cient laxity in the capsule and the skin, allowing for primary 
closure of both layers. 

THE DRAINING WOUND 

Following a TKA, wound drainage should not be tolérated. 
On the second postoperative day, the operative dressing is 
changed and the site should be inspected for gaps in the skin 
closure. If any gaps are observed, the skin should be cleaned 
with povidone-iodine and alcohol. After cleaning the incision 
area, benzoin is applied along the edges of the incision and 
Steri-Strips are applied to reseal the wound. This process is 
repeated, typically for another 1 or 2 days, until the wound 
is dry for 24 hours. If drainage persists, treatment should be 
aggressive and the patient should be returned to the operating 
room for wound debridement irrigation and primary closure. 

To ensure that the drainage does not represent a deep 
problem, aspiration of the knee joint through a remote site 
may be indicated. When this is done, the fluid is then sent 
to the laboratory for cell count, differential, and aérobic 
and anaérobie cultures. When in the operating room, the 
knee area is sterily prepped and draped. The surgeon will 
then remove two or three sutures from the area surrounding 
the drainage and a subeutaneous culture is obtained. If indi¬ 
cated, the skin edges are then freshened by removing 1 or 
2 mm of tissue, skin is then closed with nylon sutures. Fol¬ 
lowing this procedure, flexion exercises are suspended for 1 
or 2 days until evidence indicates that the wound is healed. 

EXCESSIVE SUCTION DRAINAGE 
FOLLOWING SURGERY 

Whether a TKA should be drained is somewhat controver- 
sial. When draining the area, low suction drains are used 
for the first 24 hours following surgery in an effort to mini- 
mize swelling. 

Often, when drains are used, reports of excessive drainage 
will be conveyed to the surgeon. If this happens, a simple treat¬ 
ment algorithm can be used. If the drainage is large, one can 
simply flex the knee for approximately 30 minutes and the out- 
put will typically slow. When this method fails or is too painful 
for the patient, the suction drain can be clamped for 30 minutes. 
If this, too, is unsuccessful then the drain can be clamped and 
unclamped for several cycles. In rare cases where the bleeding 
is persistent, the drain can be pulled and a moderate 


compression dressing applied. It is important to consider, how¬ 
ever, that persistent bleeding may be caused by a latent bleeding 
disorder or may be due to prophylactic anticoagulation. These 
parameters cannot be overlooked and must be considered. 

HOW TO TREAT A LARGE HEMATOMA 

A large hematoma that follows TKA can be extremely painful, 
inhibit postoperative réhabilitation, and, when treated 
improperly, lead to significant morbidity. Successful resolution 
is dépendent on the maintenance of an intact wound without 
drainage or neurovascular compromise. When warfarin is being 
used for deep venous thrombosis prophylaxis or is responsible 
for a coagulopathy, coagulation parameters should be checked. 
This most commonly occurs in the very elderly individual 
who is sensitive to this médication. Low-molecular-weight 
heparin for anticoagulation may hâve an associated higher 
incidence of wound bleeding from this médication. 3 

When a significant hematoma has developed, immobili- 
zation of the knee and application of ice are indicated for at 
least the first 24 hours. Inspection of the wound should occur 
daily. Flexion exercises are started gently and slowly after 
several days only if the wound remains intact and there is 
no indication of neurovascular compromise or compartment 
syndrome. A few of these patients may require later manipu¬ 
lation; however, this is préférable to overly aggressive early 
physical therapy due to the risk of wound-healing problems. 

The need for évacuation of the hematoma is rare, but it 
does occur when the patient expériences intractable pain, loss 
of wound integrity, neurovascular déficit, or compartment 
syndrome. When active treatment of a hematoma is required, 
returning to the operating room for évacuation of the hema¬ 
toma is indicated. Irrigation of the wound, controlling the 
source of bleeding, and primary wound closure would follow. 
It stands to reason that this type of complication can be 
decreased with the universal use of postoperative drains. 

WHAT TO DO IF THE PATELLAR 
TENDON AVULSES 

Ideally, the best way to avert this problem is to avoid having 
it happen in the first place. Prophylaxis involves anticipating 
the problem and taking two important measures during 
exposure of a tight knee. The first measure is to use an 
inverted V-quadriceps release or quadriceps snip. 4 The sec¬ 
ond measure is the placement of a smooth ^-inch pin into 
the tubercle to arrest the propagation of a tendon avulsion. 

When tendon avulsion does occur, several treatment 
options are available. Extrême care should be taken during 
the initial exposure to preserve an intact médial capsular 
sleeve on the tibia. The sleeve should remain well anchored 
to the tibial attachment. A side-to-side repair of the tendon 
to the intact médial capsule will reconstitute the integrity 
of the distal quadriceps mechanism. Some form of anchoring 
mechanism of the tendon to its original attachment on the 
tubercle would then be used to supplément the repair. If this 
seems to be insufficient, a third step is to harvest the 
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semitendinosis tendon, maintain its attachment to the tibia, 
and bring it up to the inferior pôle of the patella on the 
médial side of the tendon and then down to the latéral aspect 
of the tubercle. 5 When this procedure is initiated, the repair 
should be protected for a minimum of 4 weeks. Flexing the 
knee against gravity and recording the amount of flexion that 
does not overstress the knee is an acceptable means by which 
to test the initial integrity of the knee. Postoperative flexion 
would then be limited to 10 degrees or less than this 
recorded amount for the full 4-week period. Quadriceps 
setting exercises can be used; however, the patient should 
not perform straight-leg exercises or actively extend the knee 
from a flexed position during this 4-week period. 

Semitendinosis or allograft reconstruction is used for 
late repair of a patellar tendon rupture. While the patella/ 
patellar tendon/tubercle technique can be used, some sur¬ 
geons prefer the Achilles tendon allograft. This is done by 
fixing a small piece of the retained os calcis into the médial 
aspect of the tubercle and oversewing the Achilles tendon 
on top of the patellar tendon and patella to the quadriceps 
tendon. 6 When used, allograft reconstructions must be 
implanted as snuggly as possible and the knee must be immo- 
bilized in extension for a minimum of 6 weeks. 

AVOIDING MEDIAL COLLATERAL 
LIGAMENT INJURY 

Médial collateral injury is most likely to occur during proxi¬ 
mal médial capsular exposure, following the excision of 
the posterior half of the médial meniscus, during distal and 
posterior fémoral condylar resections, and following proxi¬ 
mal médial tibial resection. 

As the proximal médial tibial sleeve is developed, it is 
important to keep the scalpel blade tangential to the tibial bone. 
When the blade is not kept in this position, there is risk for inad- 
vertently severing fibers of the deep médial collateral ligament. 

Another vulnérable time for médial collateral ligament 
injury is during the completion of the médial menisectomy 
(Fig. 13-4). When the médial third of the meniscus is 



FIGURE 13-4. It is possible to injure the médial collateral ligament 
when excising the middle third of the médial meniscus. 



FIGURE 13-5. The médial collateral ligament should be protected by 
a retractor when a saw is used to resect the posterior fémoral condyle. 


grasped and pulled laterally into the joint, it can pull the 
médial collateral ligament with it. A tangential rent can be 
created if the junction between the rim of the meniscus and 
the collateral ligament is not carefully defïned. 

Another vulnérable time is during préparation of the 
fémur, specifîcally, the posterior condylar resections. Because 
the médial plateau in a varus knee is always sclerotic, the saw 
blade will frequently eut out of this hard bone. As with the 
fémoral préparation, a retractor should be used and should 
be placed at the level of the tibial resection to protect the lig¬ 
ament (Fig. 13-5). 

WHAT TO DO IF THE MEDIAL COLLATERAL 
LIGAMENT IS INJURED 

With a médial collateral ligament injury, the best case scé¬ 
nario is for the injury to be detected prior to the bone resec¬ 
tion. When this is the case, the resection should be very 
conservative to allow for a thicker insert to tense the portion 
of ligament still intact. The overall angle of the valgus align- 
ment should be diminished to 3 degrees of anatomie valgus 
or less. This will help to minimize stress on the remaining 
médial collateral ligament or on the repair. A primary repair 
of the eut ends should be anatomie, if possible, and should be 
carried out using a technique recommended by Krackow 
et al. 7 When possible, the posterior cruciate ligament is 
retained for its médial stabilizing force. The repair should 
be accomplished in the presence of a trial tibial insert 
2 mm thinner than the final insert to be placed. During the 
immédiate postoperative phase and 6 weeks following sur- 
gery, the repair should be protected by a stabilizing brace. 
Range of motion and quadriceps strengthening exercises are 
allowed during recovery. With the very elderly patient, par- 
ticularly patients over 80 years of âge, TC III constraint 
should be considered in an effort to internally brace the 
repair and to allow the repair to be protected indefinitely. 
Alternatively, the surgeon may choose to augment the repair 
with a semitendinosis autograft, but this structure is some- 
times inadéquate in elderly patients. 
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AVOIDING AND RESOLVING POPLITEUS 
IMPINGEMENT 

When the tendon subluxes over a retained latéral osteophyte or 
a prominent metallic posterior fémoral condyle (Fig. 13-6), the 
patient is at risk for popliteus impingement. The subluxation 
usually occurs between 40 and 90 degrees of flexion and, unless 
tested for with the capsule closed, may go undetected during 
surgery. During flexion, the everted quadriceps mechanism 
artificially externally rotâtes the tibia, thereby avoiding the im¬ 
pingement. During passive flexion of the knee, the subluxation 
présents itself as an audible and visible clunk. The source is 
often not immediately apparent. Palpating the popliteus inser¬ 
tion on the fémur during flexion and feeling the subluxation 
form the basis for diagnosis. This problem is often alleviated 
through release of the popliteus tendon from its fémoral origin. 
When the subluxation is not discovered until the postoperative 
period, it can be resolved through arthroscopic release of the 
tendon. 

Ideally, the goal is to avoid popliteus syndrome alto- 
gether. Fortunately, this can usually be accomplished by 
taking two measures. The first measure is accomplished by 
taking a straight osteotome following préparation and clear¬ 
ing any retained osteophytes or uncapped latéral bone. 

The second measure is to avoid oversizing the fémoral com- 
ponent in the mediolateral dimension. Oversizing of the fémoral 
component is more likely to occur in the female patient than in 
the male patient. The female fémur tends to be larger in the 
AP dimension relative to the mediolateral dimension than is 
the male fémur 8 (Figs. 13-7 and 13-8). On occasion, this will 
lead to a properly sized AP dimension being too wide in the med¬ 
iolateral dimension. In order to correct this problem, the fémur 
must be downsized. Modem implants hâve addressed this situa¬ 
tion. Some hâve even adopted gender-specific knee designs. 

When the popliteus tendon is large and subluxing into 
the posterior aspect of the latéral compartment, resection 
may be considered. When resection is the treatment of 
choice, a tangential resection of the tendon is préférable, in 
lieu of a complété one, as it suffices debulking it and relieves 
any potential impingement (Fig. 13-9). 


1 



FIGURE 13-6. The médial collateral ligament should also be 
protected during resection of the médial tibial plateau. 



FIGURE 13-7. The popliteus tendon can impinge on an overhanging 
métal posterior fémoral condyle. 



FIGURE 13-8. The female fémur tends to be taller than it is wide. 


WHAT TO DO IN BETWEEN SIZES 

Fémurs corne in a variety of sizes and shapes. As noted previ- 
ously there may be an intrinsic différence between male and 
female anatomy. It has also been our expérience that the Orien¬ 
tal fémur tends to be larger in the mediolateral dimension 
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FIGURE 13-9. (A) This popliteus tendon is very thick and prominent and could impinge in the latéral joint 
space. (B) A tangential resection of the popliteus tendon has relieved any possible impingement. 


relative to the AP dimension. When in between sizes, one 
should tend toward using the smaller size to avoid “stuffing” 
the joint. A trochlear flange that is proud of the anterior cortex 
will diminish quadriceps excursion and cause capsular 
discomfort. 

There are basically two options when in between sizes. 
The first is to size from anterior down. One measures off 
the anterior cortex and accepts the fact that more than an 
anatomie amount of posterior condyle will be resected. The 
main conséquence of sizing from anterior down is the 
increased posterior condylar resection. This results in a 
larger flexion gap. Thicker polyethylene is then needed to 
regain flexion stability. More distal resection will then be 
necessary in the presence of the thicker polyethylene to allow 
full passive extension. The net effect is elevating the joint line 
approximately 2 mm in both flexion and extension. There is 
a slight kinematic conséquence of this since joint line éléva¬ 
tion leads to some mid flexion laxity. The 2-mm différence, 
however, is not usually clinically significant. 

The second option when in between sizes is to eut the 
distal fémur in slight flexion. In most Systems the trochlear 
flange already diverges about 3 degrees away from the neu- 
tral position of the posterior condyles. By adding 3 more 
degrees of flexion to the distal eut, the trochlear flange 
now diverges by 6 degrees. This allows a smaller fémoral 
component to be used without distorting the joint line 
and the amount of posterior condylar resection. The 
diverging trochlear éliminâtes the possibility of notching 
of the anterior cortex. 

There are no adverse conséquences of cutting the fémur 
in slight flexion unless the articulating surfaces of the fémur 
and tibia do not allow for hyperextension without causing 
impingement or loss of métal to plastic contact. Most poste¬ 
rior cruciate retaining Systems allow more than enough 
articular hyperextension (Fig. 13-10). Posterior cruciate sub- 
stituting designs, however, with a stabilizing post do not 
accommodate as much hyperextension between articulating 
surfaces. Some designs allow no hyperextension while others 
allow up to 10 or 12 degrees. You should be familiar with the 



FIGURE 13-10. When the fémur has been eut in flexion, the 
articulating surfaces of the prostheses must be allowed to 
hyperextend without conséquence. 

System you use and be aware of this number. For example, if 
the System allows only 5 degrees of hyperextension before 
post impingement occurs, one cannot combine 3 degrees of 
fémoral flexion with 5 degrees of posterior tibial slope. The 
resuit will be deleterious post impingement and accentuation 
of post and backside wear. 

PREVENTION OF VASCULAR 
COMPROMISE 

Vascular compromise following total knee replacement can 
be devastating; therefore, précautions should be taken to pre- 
vent this complication. For patients who hâve had previous 
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arterial vascular procedures to the operative extremity, surgi- 
cal bypass, or stent placement, we advocate not using a tour¬ 
niquet if possible. The tourniquet is applied but not elevated 
unless there is significant bleeding. 

Similarly, if patients hâve significant arterial calcification 
noted on latéral radiography, we use a similar approach rela¬ 
tive to tourniquet use. 

Any patient with a dimunition in puises postoperatively 
is studied aggressively. 

SUMMARY/CONCLUSION 

There are many pitfalls that can occur during TKA and in 
the immédiate postoperative period. The most frequent of 
these are addressed in this chapter. This book’s index pro¬ 
vides a source for the évaluation and resolution of others. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Minimally invasive total knee arthroplasty is a new and changing technique that has potential advantages over 
conventional total knee arthroplasty. This chapter will describe the advantages, disadvantages, and contraindications of this procedure, elucidate the 
most common approaches, illustrate the results from the past 10 years, and explore future developments. 

IMPORTANT POINTS: 

1. Possible advantages include decreased pain, improved range of motion, greater quadriceps strength, quicker recovery, 
and greater patient satisfaction. 

2. Possible disadvantages include increased technical difficulty, longer operative time, and higher frequency of component malposition as well as 
joint malalignment. 

3. Five main approaches hâve been described, each with advantages and disadvantages. 

4. Computer-assisted navigation combined with minimally invasive surgery may improve outcomes. 

5. New instruments and technologies are being developed to increase the performance and success rates of this procedure. 

CLINICAL/SURGICAL PEARLS: 

1. Careful patient sélection is important. 

2. Familiarity and expérience with the procedure may improve results. 

3. Proper instruments designed for each approach are crucial. 

4. The incision/exposure can be expanded as needed to improve visualization. 

5. Vary the exposure window by moving ail retractors together to view ail the aspects of the joint. 

6. Verify proper joint alignment and fémoral rotation. 

CLINICAL/SURGICAL PITFALLS: 

1. Avoid excessive traction to the skin, quadriceps mechanism, and patella. 

2. Be aware of the locations of neurovascular structures relative to the approach. 

3. Avoid eversion of the patella as this may weaken the extensor mechanism. 

4. Avoid transcortical placement of tracking pins for computer-assisted navigation to reduce the chance of iatrogénie fracture. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Total knee arthroplasties (TKAs) hâve been progressively 
changing since the 1950s. Surgeons continually look for ways 
to improve component design as well as instrumentation. 
This has resulted in improvements in range of motion and 
overall function as well as success rates ranging from 90% 
to 100% at up to 14 years postoperatively. 1-5 However, the 
most common technique used to approach the knee joint 
and place the prosthesis has changed little since the 1940s. 6 
This technique involves larger incisions often up to 12 inches 


long, disruption of the patellar tendon as well as the médial reti- 
naculum, eversion of the patella, dislocation of the tibiofemoral 
joint, and further injury to the surrounding soft tissue. The 
instruments used for the procedure, although précisé, hâve been 
relatively large and thus can also contribute to extensive tissue 
destruction. 7-9 

During the past 10 years, various changes hâve been 
made to the surgical technique in an attempt to reduce the 
trauma to the surrounding structures, termed minimally 
invasive surgery (MIS). No standardized définition of MIS 
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has been formally established for TKAs. However, the most 
common aspects include smaller incisions, smaller instru¬ 
ments, decreased injury to the quadriceps muscle and other 
soft tissues, as well as avoidance of patellar eversion and 
tibiofemoral joint dislocation. 9-13 Other factors that hâve 
been modified for MIS techniques include patient position- 
ing, incision location, and extent as well as placement of 
soft tissue release. 8,10,12-15 Earlier and faster réhabilitation 
regimens hâve been included with some MIS techniques. 12 

Several possible advantages of MIS-TKA hâve been 
reported. Studies hâve found decreased postoperative pain, 
shorter hospital stays, earlier ambulation, improved range 
of motion in the early postoperative period, and reduced 
réhabilitation time relative to conventional TKA. 16-21 Other 
studies hâve suggested that MIS-TKA may lead to quicker 
improvement of quadriceps muscle strength and func- 
tion. 13,22 Patient perception of better cosmetic appearance 
has also been reported. 23 Ail of these benefits may subse- 
quently lead to higher patient satisfaction with the outcome. 

A number of disadvantages of MIS-TKA hâve also been 
described. The procedure involves a limited view and 
decreased access to the joint, so it is thought to be more 
technically difficult than conventional TKA. 11,23 This has 
been associated with longer operative times, less optimal 
joint alignment, and higher frequencies of component mal¬ 
position. 17,21,24 Ail of these possible disadvantages may lead 
to decreased function and higher failure rates. However, 
these risks may decrease in frequency with increased expéri¬ 
ence, 24 careful patient sélection, and improved techniques. 
Some of these procedures hâve shown substantial learning 
curves, 13,23,24 while others may hâve smaller learning curves 
of only 10 patients. 25 Nevertheless, MIS procedures are 
relatively new, so long-term success rates hâve not been 
evaluated. 

INDICATIONS/CONTRAINDICATIONS 

Indications for undergoing MIS TKA are similar to those for 
conventional TKA. Patients who hâve disabling pain, limited 
function, or deformity as a resuit of a knee disease such as 
end-stage osteoarthritis or osteonecrosis and who hâve not 
responded to more conservative treatments are candidates 
for this procedure. 

Several contraindications to MIS TKA hâve been enum- 
erated, and thus careful patient sélection is important to try 
to ensure that each patient is getting the most bénéficiai 
treatment. Patients who hâve underlying cardiac, respiratory, 
vascular, immune, or other diseases that make them poor sur- 
gical candidates should be made aware of these risks, espe- 
cially as MIS TKA may involve longer operative times than 
conventional procedures. Surgeons hâve found that an MIS 
approach may not be possible for patients who hâve poor soft 
tissue structure due to rheumatoid or inflammatory arthritis, 
diabètes, chronic corticosteroid use, or prior surgery. 12 
Patients who are overweight or who hâve very thick quadri¬ 
ceps muscles may also require more soft tissue dissection 
for accurate component placement. 7 Additionally, patients 


who hâve significant joint deformity or limited knee motion 
may require more removal of soft tissue to restore proper 
alignment or movement. 12 As a resuit, it is important that 
patients understand that MIS is not always the most appro- 
priate procedure, and that intraoperative conversion to a 
conventional surgery is sometimes necessary. 

SURGICAL TECHNIQUE 

Several approaches hâve been described for MIS TKA. The 
main goals of such approaches include a smaller incision, less 
soft tissue destruction, préservation of the extensor mecha- 
nism, as well as less discomfort and faster recovery of the 
patient. Three of these approaches hâve been used multiple 
times by several authors. These are the mini-medial parapa- 
tellar approach, the mini-sub vas tus approach, and the mini- 
midvastus approach. A fourth approach, the mini-lateral 
approach, is a newer approach that has been studied in one 
published report at this time. Additionally, computer-assisted 
navigation has been used in combination with MIS TKA in 
an attempt to improve success rates and functional results. 

Mini-Midvastus Approach 

The mini-midvastus approach was one of the earliest 
approaches described for MIS TKA. 8,10,12,17,25-28 The knee 
is placed in flexion and the skin incision is made from the tib¬ 
ial tubercle to the superior pôle of the patella, passing médial 
to the patella, as shown in Figure 14-1. The capsule is 



FIGURE 14-1. The knee of a 62-year-old woman who is undergoing 
minimally invasive total knee arthroplasty. The skin incision used for 
the mini-midvastus, mini-medial parapatellar, mini-subvastus, and 
mini-medial quadriceps-sparing approaches for total knee arthroplasty 
has been made. The incision is approximately 10 cm long and passes 
médial to the patella. (Reproduced, with permission, from Ref. 11.) 
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FIGURE 14-2. The knee of the woman in Figure 14-1. The incision 
has been extended through the subcutaneous tissue. The dotted lines 
indicate the arthrotomy incisions of the mini-medial parapatellar, mini- 
subvastus (SV), mini-midvastus (MV), and mini-medial quadriceps- 
sparing (MMQS) approaches for total knee arthroplasty. 

opened along the line of the incision, and a 2-cm eut of the 
vastus medialis obliquus muscle (VMO) is made proximally 
in line with the muscle fîbers at the level of the superior pôle 
of the patella. This eut can be extended further if necessary. 
Figure 14-2 shows the capsular eut for this approach, as well 
as for other approaches discussed in this chapter. Inferior and 
superior capsular releases are performed until the patella can 
be subluxed laterally to expose the joint space. Retractors are 
placed to allow maximum exposure, as shown in Figure 14-3. 
A common practice during MIS TKA is to move ail of the 
retractors in a synchronized manner to displace the exposure 
window medially, laterally, proximally, or distally to view ail 
aspects of the joint. Care must be taken to avoid excessive 
pulling on the retractors to avoid damage to the skin and soft 
tissues. The tibial and fémoral bone cuts can be performed 
with the knee in 60 to 70 degrees of flexion in a similar man¬ 
ner to conventional TKA, as shown in Figure 14-4, except 
that the cutting guides are smaller to fit the exposure win¬ 
dow. Flexion to greater than 90 degrees and external rotation 
of the joint can allow the proximal end of the tibia to protrude 
toward the opening for placement of the tibial component. 
The joint can be held in distraction for placement of the 
fémoral component, as shown in Figure 14—5. The knee can 
then be reduced and examined for range of motion and bal¬ 
ance. If those parameters are acceptable, the final components 
can be cemented into place. Spécial care must be taken apply 



FIGURE Î4-3. The knee of the woman in Figure 14-1. A mini- 
midvastus approach has been performed. The patella is subluxed 
medially, and the fémoral condyles are visible. The exposure window 
can be moved proximally, distally, or laterally to view different aspects 
of the joint. 



FIGURE Î4-4. The knee of the woman in Figure 14-1. The patella is 
held in a subluxed position, and the bones can be eut without 
dislocating the tibiofemoral joint. 


the cernent properly and remove ail excess cernent, which can 
be difficult to visualize through the small incision. Ail structures, 
including the VMO, are then closed with the knee in flexion. 

The main advantage of the mini-midvastus approach is 
reduced damage to the quadriceps mechanism, as a resuit 
of both avoidance of patellar eversion and cutting the 
VMO in line with its fibers rather than transversely. 8 The 
primary disadvantages that hâve been cited include the diffi- 
culty of the procedure, 11 and the hypothetical risk of dener- 
vation of the inferior body of the VMO below the incision, 
which has not been documented. 


Mini-Medial Parapatellar Approach 

The mini-medial parapatellar approach, another commonly 
used technique, is similar to a conventional knee arthroplasty 
approach but with a smaller incision. 12,29-31 The patient is 
placed supine on the operating table, with the knee maintained 
in extension. A 10- to 14-cm skin incision is made from the 
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FIGURE Î4-5. The knee of the woman in Figure 14-1. The 
components can be placed with the knee in 90 degrees of flexion. 


superior pôle of the patella to the tibial tubercle. The incision 
may curve medially around the patella or may pass superficially 
over the médial aspect of the patella. After the fascia is released, 
médial and latéral flaps can be constructed. The knee is then 
flexed to allow greater exposure. The quadriceps tendon is then 
eut longitudinally from the superior pôle of the patella proxi- 
mally, separating the médial third from the remainder of the 
structure. This dissection is extended until the patella can be 
subluxed laterally to expose the joint without eversion. Foliow- 
ing this, the bone cuts can be made and the components can be 
placed as described in the previous approach. 

This approach has some reported advantages and disad- 
vantages. It is similar to the conventional approach, so it may 
be less difficult for surgeons to perform relative to other MIS 
approaches. It is purported to provide adéquate exposure to 
ail aspects of the joint, as well as avoid proximity to nerves 
and blood vessels. 12 Additionally, if further exposure is 
needed, the incision can be lengthened and the patella 
everted, resembling a conventional arthrotomy. Disadvan- 
tages include disruption of the patellar tendon, which may 
increase the chances of scarring or later rupture. 

Mini-Subvastus Approach 

The mini-subvastus approach was designed to avoid directly 
cutting through any aspect of the quadriceps muscle or patel¬ 
lar tendon, to preserve function of the extensor mecha- 
nism. 15,32-34 It begins with a midline (or slightly médial) skin 
incision made to a flexed knee, extending 10 to 14 cm proxi - 
mally from the médial aspect of the tibial tubercle. The fascia 
is then opened and elevated. The joint capsule is opened 
médial to the patellar tendon, extending from the tibial tuber¬ 
cle proximally to the middle of the patella. The inferior 


border of the vastus medialis muscle is bluntly separated from 
the médial retinaculum and associated connective tissue, with¬ 
out violating its attachment to the patella. This séparation is 
continued until the patella can be subluxed. The bone cuts 
and component placements are then performed as described 
previously. Closure of the soft tissues is straightforward. 

The mini-subvastus approach has several advantages and 
some potential disadvantages. It avoids disruption of the quad¬ 
riceps muscle and patellar tendon, possibly decreasing the 
likelihood of rupture and increasing the recovery and strength 
of the extensor mechanism postoperatively. 12 It also avoids 
eversion of the patella. Avoiding these may lead to decreased 
postoperative pain, greater flexion, earlier ambulation, and 
higher quadriceps muscle strength relative to the conventional 
approach. The most concerning potential disadvantage is the 
risk of injury to neurovascular structures in close proximity 
to the subvastus incision, specifically the musculoarticular 
branch of the fémoral artery and the saphenous nerve. 35 

Mini-Medial Quadriceps-Sparing Approach 

The mini-medial quadriceps-sparing approach is a technique 
that was first described for unicondylar knee arthroplasty in 
2004, but has recently been adapted for TKAs. 14,21-24,31,36 
With the knee in flexion, a 10- to 14-cm skin incision is 
made from the superior pôle of the patella around the médial 
aspect of the patella to the tibial tubercle. A capsulotomy is 
made médial to the patellar ligament from the insertion of 
the vastus medialis muscle to the insertion of the patellar ten¬ 
don on the tibia. The vastus medialis muscle is left intact if 
possible, but may need to be eut if it has a low insertion on 
the patella or if further exposure is needed. The patella 
can then be moved laterally to expose the joint space. Fol- 
lowing this, the bone cuts are made, the components are 
placed, and the closure is straightforward. 

The primary advantage of this approach is that it attempts 
to avoid damage to the extensor mechanism, which may resuit 
in increased quadriceps muscle strength postoperatively. 22 
However, the authors acknowledge that to obtain sufficient 
exposure, the vastus medialis muscle may need to be eut near 
its insertion, 14,23,24 thus negating the quadriceps-sparing aspect, 
or a transverse incision may need to be made inferior to the vas¬ 
tus medialis muscle, 36 which would convert it to a subvastus 
approach. Other disadvantages include the difficulty of the 
exposure and procedure if the vastus medialis muscle is not 
eut, which may resuit in suboptimal alignment or component 
placement. 22,31 Additionally, as this is a new procedure for 
TKA, few published studies hâve reported on the outcomes. 

Mini-Latéral Approach 

The mini-lateral approach is another new technique for MIS 
TKA. 13 This involves an incision through the skin and fascia 
made from the tibial tubercle to the latéral épicondyle latéral 
to the patella (approximately 8 to 10 cm), as shown in Fig¬ 
ure 14-6. The iliotibial band is also eut, along with the 
underlying fat pad and capsule. A retractor can be placed 
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FIGURE 14-6. The knee of a 65-year-old woman who is undergoing 
minimally invasive total knee arthroplasty through a latéral approach. 
A latéral skin incision has been made from the level of the tibial 
tubercle to the level of the superior pôle of the patella. (Reproduœd, 
with permission, from Ref. 11.) 

underneath the patella to the médial aspect of the tibia and then 
used to push the patella medially without eversion, releasing soft 
tissue as necessary. The bone cuts can then be made with the 
knee in 60 degrees of flexion without dislocating the joint. 
The bone cuts of this approach can be performed from the lat¬ 
éral side, with lateral-to-medial cutting jigs designed for the 
latéral approach, as shown in Figure 14—7. The components 
can then be placed, followed by closure of the soft tissues. 

The main advantage of the mini-lateral approach is that 
it avoids any disruption to the quadriceps muscle or tendon, 
leaving the extensor mechanism intact . 13 This may resuit in 
decreased pain and increased strength in the early postoper- 
ative period. The main disadvantage is that it is a new tech¬ 
nique. Currently only one published study has reported on 
the outcomes of this method, which shows excellent results 
for early range of motion and quadriceps strength, but also 
indicates a potentially large learning curve associated with a 
relatively high early complication rate . 13 



FIGURE 14-7. The knee of the woman in Figure 14-6. The 
approach has been extended through the iliotibial band, but the 
quadriceps muscle and patellar tendon remain intact. A retractor 
placed under the patellar ligament allows visualization of the joint. 

A latéral cutting jig can be used to make the bone cuts in a latéral to 
médial direction. ( Reproduœd ' with permission, from Ref. 11.) 


Computer-Assisted Navigation 

Because of concerns about component positioning and joint 
alignment with MIS TKA , 13,1 7,22,31 some sur g eo ns hâve com- 
bined computer-assisted navigation techniques with MIS tech¬ 
niques in an attempt to improve final outcomes . 26,29,37 ^ 10 
Multiple navigation Systems exist for performing this proce¬ 
dure, but most of them use similar concepts . 29 First, several 
tracking pins, which are fitted with signaling devices, are 
placed in the distal fémur and proximal tibia, often by percu- 
taneous drilling. The locations of certain landmarks, such as 
the fémoral head and condyles, are entered into the System. 
The varus/valgus angle of the knee, as well as the degree of 
flexion contracture, can then be analyzed by the computer. 
Other instruments, such as the cutting blocks, are also fitted 
with signaling devices so that the location of the instruments 
relative to the bone can be tracked. The bone cuts and com¬ 
ponent placements are performed with computer guidance, 
and the final alignment, rotation, balance, and cementing 
can be verified by the System. 

The potential advantage of computer-assisted navigation 
is improved positioning of the components and alignment of 
the joints, especially with MIS, in which the limited visuali¬ 
zation may lead to difficulty with positioning and alignment. 
The potential disadvantages include the complexity added to 
the procedure, an increased risk of fractures as reported in 
some studies of navigation with conventional TKAs , 41,42 
and the risk of damage to muscle and other soft tissue by 
the tracker pins. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

The purported benefits of MIS TKA, including reduced soft 
tissue destruction, less postoperative pain, greater range of 
motion, and quicker return of strength, hâve led many sur¬ 
geons to modify the réhabilitation protocols to allow quicker 
progression. Patients are often started on a continuous pas¬ 
sive motion machine in the recovery room postopera- 
tively . 8,25 Physical therapy is often begun on the same day, 
including strengthening and range of motion exercises . 8,21,36 
Weight bearing as tolerated, using crutches or a cane as nec¬ 
essary, is often started on the first postoperative day , 8,25,26 
although some surgeons allowed it within hours after the sur- 
gery . 36 Some authors allowed weight bearing as tolerated 
after 2 or more days . 15,27,30 Pain management protocols vary 
among surgeons and include patient-controlled analgesia, 
intravenous and oral narcotics, as well as nonsteroidal 
anti-inflammatory médications. Venous thromboembolism 
prophylaxis also varies among different surgeons and 
includes compression devices and anticoagulation médica¬ 
tions. Discharge from the hospital is generally allowed when 
the patient demonstrates adéquate fiinction and pain control, 
and often occurs on postoperative day 2 or 3 8 T3,21-23,26,36 
Patients were discharged to home or to a réhabilitation 
facility, depending on surgeon preference and the physical 
condition of the patient. 
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OUTCOMES/RESULTS FOR TECHNIQUE 

Numerous surgeons hâve reported on their results using the 
various MIS techniques. Most authors are generally positive 
about these methods, although some hâve expressed con- 
cerns about whether the advantages are outweighed by the 
risks. 2,17 Table 14-1 delineates the results of some recently 
published studies of MIS TKA. 


Perioperative Parameters 

Most authors report longer operative times for MIS com- 
pared with conventional TKA. Operative times range from 
11 to 67 minutes longer than conventional TKA. 22,26,27,29,31 
This may be a resuit of several factors: the learning curve 
necessary for a new technique with different instruments, 
the decreased visualization associated with the exposure, as 


TABLE 14-1 

Author (Year) 

Analysis of Minimally Invasive Total Knee Arthroplasty Results 

Mean Knee 
Society 

IVlean Follow- Function/Pain 
Technique No. of Knees Mean Age (yr) up (mo) Score (points) 

Results for MIS Group Compared With 
Conventional Treatment Group 

Dutton et al. 
(2008) 

MMP with 
computer 
navigation 

52 

68 

6 

84/None 

Significantly longer operative time, shorter 
hospital stay, lower blood loss, improved 
alignment, higher function at 1 month 
postoperative. Function scores similar at 
final follow-up. 

Schroer et al. 
(2008) 

MSV 

150 

71 

24 

None/none 

Significantly shorter hospital stay and higher 
flexion from POD 1 through final follow-up. 
Complications: 2 deep knee infections, 

1 stitch abscess, 1 periprosthetic fracture, 1 
tibial component failure, 1 stiff knee. 

McAllister and 
Stepanian 
(2008) 

MMP 

81 

63 

12 

95/96 

Significantly shorter operative time, lower 
mean pain score, shorter hospital stay, 
greater range of motion up to 24 weeks 
postoperative, similar function scores at final 
follow-up, and fewer complications. 
Complications: 1 venous 
thromboembolism, 1 myocardial infarction, 

1 pneumonia 

Seyler et al. 
(2007) 

ML 

35 

65 

44 

92/94 

On POD 1, 94% of patients could perform 
straight leg test, mean pain score was 4.6 
points, and mean arc of motion was 95 
degrees. No comparison group. 
Complications: 1 tibial malalignment, 1 
exacerbation of peroneal nerve palsy, 1 
tibial component loosening, 1 récurrent 
effusion, and 2 patients who had stiff knee 
requiring arthroscopic debridement. 

Lampe et al. 
(2007) 

MMV with 
computer 
navigation 

25 

72 

6 

82/81 

Significantly longer surgery duration (by 11 
minutes), higher range of motion and lower 
pain scores on POD 1 to 10. Similar blood 
loss, function scores, and alignments at final 
follow-up. Complications: 1 fémoral 
notching. 

Tashiro et al. 
(2007) 

MMV 

24 

76 

12 

92/90 

Significantly longer surgery duration (by 56 
minutes), earlier straight leg raise, earlier 
return to 90-degree flexion, higher extensor 
torque, as well as similar function scores 
and alignments at final follow-up. 
Complications: 1 delayed wound healing. 

Huang et al. 
(2007) 

MMQS 

32 

63 

24 

94/None 

Significantly longer operative time (by 67 
minutes), earlier straight leg raise, greater 
flexion on POD 1 through 2 weeks, higher 
patient satisfaction, similar function scores, 
similar hospital stays. 

Chin et al. 
(2007) 

MMP/MMQS 

30/30 

67/69 

Not reported 

Not reported 

Significantly longer operative times (by 20 
minutes) and lower blood loss. Similar 
hospital stay. Significantly worse alignment 
of the ML group. Alignments of the MMP 
and conventional groups were similar. 


MIS, minimally invasive surgery; MMP, mini-medial parapatellar; MSV, mini-subvastus; ML, mini-latéral; MMV, mini-midvastus; MMQS, mini-medial quadriceps sparing; POD, 
postoperative day. 
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well as the effort necessary to avoid soft tissue disruption and 
to properly place the cutting blocks and prostheses. One 
report specifically examined the effect of the learning curve, 
and found that operative times decreased significantly after 
the fîrst 10 procedures, but the outcomes and complications 
were not assessed. 43 At least one study reported a shorter 
operative time for the MIS procedure, but did not comment 
on this in the report. 30 

Fewer reports hâve examined blood loss, but they indi- 
cate that MIS procedures hâve similar 26,28 or lower 29,31 
blood loss than conventional procedures. This may be a 
resuit of the decreased soft tissue disruption. 

A common finding of MIS TKA is decreased pain and 
increased flexion on the first postoperative day relative to con¬ 
ventional techniques. 13,15,22 ’ 26 ’ 27,30 Over 75% of patients are 
able to flex to 90 degrees and over 80% are able to perform 
a straight leg raise on the first day. 13,15,22,26,27,30 Additionally, 
significantly lower use of pain medicine and lower pain ratings 
are documented during the hospital stay. 13,26,30 As a resuit of 
this, the one study that examined patient satisfaction found 
significantly higher satisfaction with the MIS. 22 Additionally, 
authors report a similar 22,31 or decreased 29,30 length of 
hospital stay relative to conventional techniques. 

Functional Outcomes 

At présent, only early outcomes of MIS TKA hâve been docu¬ 
mented, ranging from 6 to 44 months. Knee Society functional 
and pain scores hâve been good to excellent, with means of 82 to 
95 points for functional scores and 81 to 96 points for pain 
scores. 13,22,26-30 These scores are statistically similar to conven¬ 
tional procedures in ail of the comparison studies found. A few 
reports found higher function scores of the MIS patients at very 
early follow-up (1 week to 1 month), but the scores of the two 
groups are comparable after that time. 22,29,30 

Radiographie Outcomes 

In some studies, radiographie malalignments occur at a higher 
frequency in MIS than conventional TKA. 13,17,21,22,31 In other 
studies, radiographie malalignments are similar in MIS and 
conventional TKAs. 15,26-31 MIS TKA with computer-assisted 
navigation has shown better alignment than TKA in the three 
reports that provided a direct comparison. 29,39,40 Higher fre- 
quencies of malalignment hâve been found following the 
mini-latéral and médial quadriceps-sparing approaches rela¬ 
tive to conventional approaches, but this may be due to the 
overall lack of expérience with this new approach. 13,22,31 Some 
authors hâve found improved radiographie results as the sur¬ 
geons move beyond their learning curves. 24 Few instances of 
component loosening hâve been observed at early follow-up. 

Complications 

Perioperative complications of MIS TKA, such as venous 
thromboembolism, wound infection, neurovascular injuries, 
and fractures, hâve been found to be infrequent and similar 


to conventional TKA. 15,22,26,27,30 As previously stated, some 
studies hâve found higher frequencies of component malpo¬ 
sition with the MIS approaches. However, this may decrease 
with expérience. 

FUTURE CONSIDERATIONS 

MIS TKA is a new procedure that is continuously being eval- 
uated and revised. As surgeons discover the limitations of the 
current techniques, they assess the shortcomings and investi- 
gate new methods to improve the results. 

New techniques, such as the mini-lateral and the mini- 
medial quadriceps-sparing approaches, are being explored. 
As surgeons gain expériences with these techniques, they 
may discover ways to reduce the frequency of complications 
and malalignments. 

New instruments are being developed to improve the 
procedures and the results. Smaller instruments hâve already 
made a substantial impact by allowing smaller incisions and 
exposures, as well as less soft tissue trauma and more refined 
movements during the procedures. This has helped to reduce 
the difficulty of the procedure as well as the number of com¬ 
plications. 9 New instruments are in development to complé¬ 
ment new techniques such as the mini-lateral approach. New 
retractor designs may improve the visualization of the expo- 
sure. Endoscopie caméras and tools may also be used to 
enhance visualization and accurately perform work within 
the joint. B one cutting instruments may become smaller 
and more précisé. 

New components may enhance MIS procedures. The cur¬ 
rent components are large and cumbersome relative to the 
exposures. The size of the components, especially the tibial keel, 
may be reduced to allow easier and more accurate placement. 
Other innovations may include modular prosthesis designs that 
can be implanted as multiple parts, which are put together on 
the surface of the bone. Additionally, smaller, more spécifie re- 
surfacing components may be used more frequently to address 
only the affected surfaces of each joint. Cementless components 
may lead to more efficient surgeries and better fixation. 

Patient sélection is another important aspect of the 
future of MIS TKA. Patients who hâve rheumatoid or 
inflammatory arthritis, diabètes, chronic corticosteroid use, 
prior knee surgery, thick quadriceps muscles, or significant 
deformity of the knee may not be good candidates for this 
procedure. 7,12,36 Understanding of these limitations may 
improve the results and increase the likelihood that each 
patient receives the most appropriate procedure. However, 
advances in instrumentation and expérience may lead to bet¬ 
ter results for these patients, and sélection criteria may 
change based on further studies. 

Postsurgical management is another aspect of MIS 
TKA that may be adjusted to achieve better outcomes. Sev- 
eral published studies show that patients appear to hâve less 
pain following MIS TKA compared with conventional 
TKA, 13,26,30,36 so revising the pain control procedures and 
implementing a quicker recovery protocol as tolerated may 
allow quicker return to function, as described previously. 
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Further studies will be necessary to understand the optimal 
postsurgical management protocols. 

Computer-assisted navigation is a new adjunct to MIS 
TKA that may help to improve the procedure. Some authors 
hâve suggested that computer-assisted navigation can make 
up for the limited visualization of MIS TKA by guiding the 
component placement as well as verifying the final alignment, 
rotation, balance, and cementing. 26,29,39,40 Three studies hâve 
reported that computer-assisted MIS TKA resulted in better 
postoperative alignment when directly compared with conven- 
tional TKA 29 ’ 39 ’ 40 Early results of computer-assisted naviga¬ 
tion suggested an increased frequency of fémoral fractures at 
the tracking pin sites, 41,42 but changes in pin design (thinner) 
and placement (unicortical instead of bicortical and metaphy- 
seal instead of diaphyseal) may reduce the likelihood of such 
fractures. 41,42 Also, noninvasive trackers that do not require 
drilling into bone may become available. 16 These improve- 
ments may enhance the usefulness of this technology. 

MIS TKA is a relatively new technique with good short- 
term outcomes, but no mid- or long-term results. As more 
studies are conducted and more expérience is gained, further 
adjustments can be made to improve these promising methods. 


SELECTED READING 

Bonutti PM, Mont MA, McMahon M, et al: Minimally invasive total knee 
arthroplasty. J Bone Joint Surg Am 86-A(suppl 2):26—32, 2004. 
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Evaluation of the Painful/Failed 
Total Knee Arthroplasty 


Patrick Morgan Terence J. Gioe 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Successful évaluation of the painful total knee arthroplasty directs treatment by providing the clinician with a spécifie 
diagnosis. Common diagnoses include loosening, infection, instability, component failure, patellofemoral disorders, and osteolysis. The less 
common causes of pain are numerous and may présent a diagnostic challenge. The pattern of pain may provide the clinician with insight into 
underlying etiology. Timely diagnosis of nonarticular causes of pain after total knee arthroplasty is essential as it may save the patient from 
unnecessary delay in appropriate treatment while avoiding inappropriate diagnostic and therapeutic intervention. 

IMPORTANT POINTS: 

1. Establishing a spécifie diagnosis is paramount. 

2. Evaluation is incomplète until bacterial contamination has been correctly diagnosed or excluded. 

3. Ail painful total knee arthroplasty évaluations must include investigation for extra-articular sources of pain such as hip, spinal, or vascular 
pathology. 

4. The rôle for advanced imaging is evolving and includes providing information on component position and the likelihood of a loosening, 
infection, or complex régional pain syndrome etiology for the patient's symptoms. 

5. Surgical intervention without a clearly defined indication results in poor outcomes. 

CLINICAL PEARLS/PITFALLS: 

1. Symptom pattern may provide insight into etiology. 

2. Late postoperative development of symptoms in the cruciate-retaining knee may indicate flexion instability. 

3. Small amounts of malrotation in the tibial and fémoral components can be cumulative and clinically relevant. 

4. Late postoperative symptoms in association with effusion may be suggestive of polyethylene wear synovitis. 

5. Incorrect exclusion of infection. 

6. Exploratory surgery or révision without clearly established etiology. 

7. Isolated liner exchange for multidirectional instability or flexion-extension gap mismatch. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

The success of modem total knee arthroplasty (TKA) in 
providing effective, predictable pain relief is well supported 
by more than 20 years of clinical follow-up. The mean effect 
size of a total knee—as defined as the number of standard 
déviations of change from baseline scores—has been shown 
to be an improvement of 1.62 and 2.35 at 0 to 2 years of fol¬ 
low-up in WOMAC and Knee Society scores, respectively. 1 
These positive results hâve also proved to be durable, with 
long-term follow-up studies consistently showing contem- 
porary implant survivorship of greater than 90% at 10- to 


13-year follow-up. 2-5 Problems with this procedure, however, 
persist. While a meta-analysis of 9879 total knee patients from 
130 studies recently demonstrated an 89.3% good/excellent 
resuit, these successes must be considered in light of the 
10.7% of patients who had a fair/poor resuit. 6 Physicians 
who perform TKA, therefore, will frequently be required to 
evaluate patients with postoperative pain who are unsatisfied 
with their outcome. 

The clinician’s paramount considération when presented 
with symptoms at the level of a TKA is the establishment of 
a spécifie etiology for these symptoms. Several studies hâve 
demonstrated that poor results can be expected when 
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intervention without spécifie justification is attempted. In a 
sériés of 27 patients revised for a prerevision diagnosis of 
pain, 59% had a poor or fair resuit. Even in the subset of 
patients who at the time of surgery were found to hâve an 
apparently identifiable cause of symptoms, only 25% bene- 
fited from the procedure. 7 Similarly, in a sériés of 28 failed 
primary total knees, none of the patients revised without a 
diagnosis had a good or excellent resuit. 

INDICATIONS/CONTRAINDICATIONS 

The indication for diagnostic évaluation of the painful TKA 
is pain at the site of a total knee that is concerning to the 
patient and/or interfères with the patient’s daily life. Upon 
présentation, the patient’s description of their pain pattern 
should be carefully considered. It has been suggested that 
the pattern of symptoms may be suggestive of the symptom’s 
etiology. While pain patterns may frequently exhibit cross - 
over between different modes of failure, they nonetheless 
provide a useful means for producing a differential diagnosis 
and directing the course of the patient’s évaluation. 8,9 Close 
attention to the patient’s symptom pattern may be especially 
relevant as the physical examination is often nonspecific. 

Laskin has described seven types of pain after a total knee: 
start-up, weight-bearing, full-extension, full-flexion, stair, 
rest, and day 1 onward. Start-up pain is typified by pain upon 
first rising from a seated position. Outside of the perioperative 
period, when it may suggest normal réhabilitation and, for 
cementless designs, ongoing bony ingrowth, start-up pain is 
a pattern that may be suggestive of component loosening. 
Weight-bearing pain that is relieved with rest and can be seen 
with or without start-up pain may be indicative of mechanical 
causes such as loosening or instability. Full-extension pain, in 
which the patient is comfortable during activities until the 
knee is brought into terminal extension, may be experienced 
by patients with an overstuffed extension space. Full-flexion 
pain, on the other hand, occurs when the patient attempts to 
flex past their knee’s soft-tissue, bony, or prosthetic limit; 
posterior impingement and overstuffing of flexion or patello- 
femoral spaces should be considered. Pain with climbing or 
descending stairs should raise suspicion for issues with patellar 
tracking, tibial slope, and flexion instability. Pain at rest can be 
indicative of inflammation due to infection or synovitis or may 
be indicative of complex régional pain syndrome. So-called 
Day 1 onward pain, in which the patient experienced no 
postoperative period of pain relief, should also raise clinical 
suspicion for infection. In such cases, a fiill workup for extra- 
articular etiology becomes especially relevant. 

CLASSIFICATION SYSTEM 

Postoperative periprosthetic knee pain can be simply classi- 
fied by the common modes of failure responsible for the 
patient’s symptoms. These include the following: 

* Infection 

* Foosening 


* Instability 

* Stiffness 

* Osteolysis 

* Component failure 

* Extensor mechanism and patellar-fémoral complications 

* Soft-tissue impingement 

* Unexplained pain 

Infection 

While a full review of resources available to establish the 
diagnosis of periprosthetic infection is beyond the scope of 
this chapter certain characteristics of the chronically infected 
total knee merit inclusion. The literature endorses four types 
of periprosthetic infection: type I, patients with a positive 
intraoperative culture; type II, early postoperative infection, 
type III, acute hematogeneous; and type IV, late chronic 
infection. 10 The patient describing an extended period of 
pain at the site of a TKA must raise the concern for a type 
IV infection. 

A review of the patient’s past medical history is a prereq- 
uisite for proper évaluation because a number of comorbid- 
ities hâve been identified as risk factors for periprosthetic 
infection. These include compromised immune status, 
immunosuppressive therapy, poor nutrition, hypokalemia, 
diabètes mellitus, and tobacco use. A history spécifie to the 
affected knee is also relevant because previous surgery and 
prolonged surgical time (>2.5 hours) hâve also been shown 
as risk factors for subséquent infection. The postoperative 
course of the index procedure should also be reviewed for 
periods of prolonged wound drainage, delayed healing, or 
hematoma as these hâve been shown to lead to increased risk 
for infection. 11 Early return to the operating room and/or 
extended periods of antibiotics may also be suggestive of 
a prior type I or II infections. Body habitus may also play a 
rôle; a report of 50 TKAs done in morbidly obese patients 
showed a 5-fold increase in infection rates compared with 
age-matched control subjects. 12 

The physical examination findings for chronic sepsis are 
nonspecific. They may include moderate swelling, decreased 
range of motion, and warmth of the joint compared with the 
non-involved joint. 

Diagnostic tools available for establishing or excluding 
the diagnosis of periprosthetic infection include hematological 
studies including C-reactive protein, érythrocyte sédimen¬ 
tation rate, and white blood cell count; joint aspiration for 
Gram stain, culture, cell count, and differential; and techne¬ 
tium scans, particularly when paired with an indium-labeled 
leukocyte Scan. 

Loosening 

In a sériés of 5760 knee arthroplasties reviewed through the 
use of a community registry, aseptie loosening was responsi¬ 
ble for 40.8% of révisions. 13 Radiostereometric analysis 
(RSA) has provided an accurate picture of implant behavior 
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both for failed implant and for the stable prosthesis. In a ran- 
domized study of 26 knees using RSA to compare migration 
of the tibial baseplate, similar migration rates at 1 year of 1 d= 
0.2 mm for cemented implants and 1.4 ± 0.22 mm for unce- 
mented designs hâve been observed. Elevated early migra¬ 
tion, however, has been associated with late prosthetic 
loosening. 14 This suggests that what is thought of as an 
abrupt loss of fixation is instead a process initiated very early 
in the service life of the arthroplasty, perhaps intraopera- 
tively, and represents a prolonged adverse progression that 
only later manifests as pain. 

Nonetheless, patients with a loose knee prosthesis will 
commonly describe an initial postoperative period of pain 
relief and improved function; only after this asymptomatic 
period will symptoms develop. The patient may endorse 
start-up pain and/or pain with weight bearing. The physical 
examination is quite nonspecific and may include swelling 
and a painful, reduced range of motion in comparison to 
the presymptomatic State. Tenderness at the bone-implant 
interface, while often suggested as a sign of component 
loosening, is not an uncommon finding in the well-fixed, 
normally functioning knee arthroplasty. 

The shortcomings of conventional radiography continue 
to make the routine monitoring of implant fixation problem- 
atic. Subsidence and change in implant position are two con¬ 
ventional criteria used to define component loosening. 
Unfortunately, only relatively large changes in position are 
détectable with conventional radiographs, which hâve been 
shown capable of detecting a 2-mm change in component 
position and a 3-degree change in angulation under study 
conditions and are likely a great deal less reliable under 
routine clinical conditions. 15 

A complété, progressive radiolucent line at the bone- 
cement interface is also suggestive of loss of fixation 
(Fig. 15-1). Less clear, however, is the significance of an 
incomplète radiolucency. In an examination of 123 cemented 
total knees, no statistically significant corrélation was found 
between the occurrence of incomplète radiolucent fines in 
any location and the eventual postoperative clinical resuit. 16 



FIGURE 15—1 . A complété radiolucent line at the bone-cement 
interface of the tibial component is suggestive of loss of fixation. 


The same investigation demonstrated that a change in only 
6 degrees of beam angulation was sufficient to obscure a 
1 -mm radiolucent line. 16 There may, therefore, be a rôle 
for fluoroscopically guided radiographs to correctly orient 
the beam. 17 The identification and interprétation of incom¬ 
plète radiolucencies on routine radiographs, however, may 
be of little import. 18 The senior author has discontinued 
reporting of incomplète or nonprogressive radiolucent fines 
in his TKA studies as there has been no corrélation noted 
between their existence and late aseptie failures. 

Evidence exists that prosthetic loosening rates are influ- 
enced by component alignment. 19-21 This finding, however, 
has not been universally replicated. 22,23 Examination of 
radiographs for gross malalignment may, however, alert the 
clinician to technical considérations from the time of the 
index procedure that may hâve a négative impact the bone- 
implant interface. This includes issues pertaining to the 
effectiveness of cementation technique and the adequacy of 
exposure for component positioning. 

Advanced studies performed to distinguish loosening 
from infection and complex régional pain syndrome (CRPS) 
are discussed below. 

Instability 

Instability is a substantial source of pain after TKA. In a 
recent sériés of 212 consecutive révision total knees 21.2% 
of early and 22.2% of late révisions were performed for a 
diagnosis of instability. 24 This is similar to the 28% insta¬ 
bility seen in a cohort of 440 knees referred for révision 
within 5 years of the index arthroplasty. Instability may occur 
in the coronal and/or sagittal planes and may be grossly obvi- 
ous to the clinician and patient or may be subtle enough to 
prove elusive on initial évaluation. Depending on the under- 
lying source of instability, symptoms may be apparent imme- 
diately after implantation or may not become manifest until 
late in the postoperative course. 

Coronal Plane Instability 

Coronal plane instability may be due to ligament imbalance, 
component malalignment, or component failure. The patient’s 
preoperative radiographs and physical examination results 
should be reviewed for significant and/or fixed deformity that 
may hâve led to incompetent preoperative ligamentous 
restraints or that required extensive soft-tissue release at the 
time of arthroplasty. Patient characteristics such as morbid 
obesity should be noted as such patients hâve been shown 
to hâve a significantly increased risk for intraoperative 
médial collateral ligament avulsion. 12 Observation of the 
patients gait may reveal a varus or valgus thrust for patients 
with gross coronal plane instability. Examination of coronal 
plane stability should be performed with the knee in both full 
extension and in flexion with attention paid to the repro¬ 
duction of the patient’ symptoms by the application of a varus 
or valgus stress. Radiographs should be examined for mala¬ 
lignment, outlying insert sizes suggesting problems with 
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intraoperative balancing, and overhanging components that 
may hâve resulted in ligamentous atténuation over time. In 
patients with suspected coronal instability stress radiographs 
may be warranted. 

Sagittal Plane Instability 

Sagittal plane instability, typically manifest with the knee in 
flexion, can be due to a disproportionately increased flexion 
gap secondary to component size or position, an improperly 
balanced or attenuated posterior cruciate ligament in cru- 
ciate retaining designs, and issues related to the tibial post 
in posterior stabilized designs. It is routinely referred to as 
flexion instability and mid-flexion instability. 

Flexion instability has been described as a distinct clinical 
entity seen in cruciate retaining knees, an observation which 
expanded on earlier case reports of the phenomena. 25-28 
In these patients, an improperly balanced posterior cruciate 
ligament or its delayed rupture leads to a painful subluxation 
of the tibia on the fémur. This may be exacerbated by a dis¬ 
proportionately large flexion gap due to an undersized fémoral 
component, an anteriorly placed fémoral component, or over- 
resection of the posterior tibia resulting in an increased tibial 
slope. Patients with flexion instability will endorse a sense of 
instability especially in the descent of stairs and may describe 
récurrent effusions. The physical examination will commonly 
reveal an above average range of motion, tenderness over the 
pes anserinus tendons, and a positive posterior drawer or 
posterior sag sign (Fig. 15-2). Standard radiographs will often 
be normal; posterior stress radiographs with the knee in 
90 degrees of flexion, however, may provide radiographie 
evidence of posterior subluxation of the joint. 

Frank posterior dislocation of the posterior stabilized 
total has been observed and may be more common in designs 
with a shorter jumping distance, a design attribute that may 
be exacerbated when the fémoral cam is designed to ride up 



FIGURE î 5-2. A posterior sag sign, with the tibia translated 
posteriorly on the fémur in flexion, is observed. 



FIGURE Î5-3. Significant wear of both the articulating surface and 
the post is noted in this tibial insert. 


the tibial post during flexion. 29-31 Fracture or wear of the 
polyethylene post resulting in knee instability has also been 
seen in multiple contemporary designs (Fig. 15-3). 32-34 

Question remains as to whether mid-flexion instability is 
a distinct clinical entity. 35 Coronal plane instability due to an 
atténuation or imbalance of one or both of the collateral 
ligaments may be partially masked with the knee in full 
extension, and experienced by the patient with knee flexion 
past 30 degrees. Alternately, it is reasonable to expect that 
symptoms in the sagittal plane due to true flexion instability 
may also be experienced earlier in the flexion arc. Further 
study will be required to further clarify this question. 

Stiffness 

Stiffhess after TKA is an uncommon but frequently disabling 
condition. Defined as greater than 15-degree flexion contrac¬ 
ture or a less than 75-degree arc of motion, it has been 
observed in 1.3% of patients in a sériés of 1000 consecutive 
primary total knees. 36 Synonymously referred to as arthro- 
fibrosis or limited range of motion, stiffness has been attrib- 
uted to multiple causes including biologie characteristics, 
poor preoperative range of motion, poor réhabilitation, and 
technical problems at the time of arthroplasty. 37-40 Technical 
considérations include flexion/extension gap mismatch, joint 
line élévation, improper tibial slope, overstuffmg of the 
patellofemoral joint, oversized components, component 
malposition, and inadéquate ligament balancing (Fig. 15-4). 

Subtle radiographie dues may include posterior osteo- 
phytes, relative overresection of the posterior condyles, or 
excessive posterior tibial slope accompanied by the presence 
of a larger polyethylene insert, combinations that would 
selectively stabilize the flexion gap while leaving the knee 
tight in extension. Alternately, insufficient or even anteriorly 
oriented tibial slope may leave the knee tight in flexion. When 
sizing and bony resection appear normal, considération 
should be given to the rotational alignment of the fémoral 
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FIGURE 15-4. This grossly oversized fémoral component resulted in 
"overstuffing" of the patellofemoral joint and limited flexion. 


component as axial malalignment has been implicated in poor 
postoperative kinematics. 

Unexplained Pain 

The temptation when confronted with a thorough but 
négative workup for both intra-articular and extra-articular 
sources of pain following TKA is to assign the patient the 
de facto diagnosis of “unexplained pain” or “chronic pain” 
and recommend chronic pain management. Other diagnoses 
may still be considered, however, which are in part diagnoses 
of exclusion but for which objective information may be 
gathered. 

CPRS, previously termed reflex sympathetic dystrophy, is an 
uncommon source of pain following TKA. Strict criteria 
should be used to make the diagnosis of CPRS, including pain 
of unusual intensity and duration, limited mobility, cutaneous 
hypersensitivity, and diagnostic response to lumbar sympa¬ 
thetic blockade. Trophic changes or vasomotor disturbances 
may not be présent. In the largest sériés to date, 41 five patients 
of 662 (0.8%) patients undergoing TKA met the above 
criteria. Ail five of the patients had excessive pain and night 
pain was experienced by four of five. Four complained of 
hypersensitivity; ail had poor motion (mean 60°) and four 
had undergone more than one manipulation. The diagnosis 
was made at a mean of 5 months. 

Technetium bone scanning in the early period typically 
reveals increased blood flow to the involved knee, with 
increased uptake in the blood pool phase and the delayed 
static images. However, this picture may be confused with 
the diffuse uptake typically seen after TKA in the healing 
phase. In late cases, bone scintigraphy may be normal. 42 

Lumbar sympathetic block is the mainstay of both diag¬ 
nosis and treatment. More than one block is often required, 
and the amount of relief obtained seems to correlate with 
the response that may be expected from sympathectomy. 42 
In mild or early cases, sympatholytic or neuroleptic 


médications in conjunction with physical therapy modalities 
may obviate the need for lumbar blocks. It appears clear that 
any surgical intervention should be delayed until the CPRS 
symptoms are controlled, since exacerbation of symptoms 
during the active phase may occur. 

Neuromas or neuromatous pain may also account for a 
small subset of those with unexplained pain after TKA. 
Patients may describe hypesthesia or dysesthetic pain in rela¬ 
tion to known distribution of cutaneous nerves. A positive 
Tinel sign or point tenderness in an area of dysesthetic skin 
can often be demonstrated. If substantial réduction in pain 
occurs with sélective nerve blocks with local anesthetic, 
patients may be improved with partial denervation. In a 
sériés of 31 such patients following TKA, 87% improved 
their visual analog pain score by 5 or more points following 
denervation. 43 

Dermal hypersensitivity to métal affects about 10% to 
15 % of the general population, with nickel sensitivity having 
a prevalence of approximately 14%. Such patients may be 
concerned that their unexplained pain following TKA is 
related to an “allergy to the implant.” Patch testing with 
dermal contact clearly represents a different environment 
than the closed periprosthetic space, and its reliability in this 
setting is unproven. In vitro prolifération testing (lym¬ 
phocyte transformation testing [LTT]) involves measuring 
the proliférative response of lymphocytes following activa¬ 
tion, and may be a better test for implant-related métal 
sensitivity, although it has seen little clinical use. Although 
hypersensitivity-type reactive tissue has been reported around 
failed metal-on-metal hip replacements, there is no clear con¬ 
nection between métal sensitivity and implant failure. Some 
studies hâve in fact shown an induction of métal tolérance 
after joint replacement (previous métal sensitivity disap- 
pears), and there are no clear reports that link the prevalence 
of métal sensitivity and the duration of the implant in situ, 
the reason for removal, or pain. 

In their excellent review of this subject, Hallab et al. 44 
draw several conclusions: (1) The prevalence of métal sensi¬ 
tivity in patients with a failed implant is approximately 
six times that of the general population and two to three 
times that of patients with a functional implant. (2) This 
association does not prove a causal effect. (3) Patients with 
an allergy history to métal jewelry are more likely to hâve a 
reaction to an implanted device than are those without such 
a history. (4) There is no evidence at this time that there is 
an increased risk of reaction for patients who hâve a positive 
skin test but no other history of métal reactivity. (5) Métal 
sensitivity may be an extreme complication in a few highly 
susceptible patients or a more common and very subtle 
contributor to late implant failure. 

As a practical matter, if there are signs of a cutaneous 
allergie response that are clearly related temporally to TKA 
surgery, the patient should be evaluated by an allergist for 
sensitivity. The senior author has never observed such a case. 
Alternative bearing surfaces include ceramic fémoral com- 
ponents and all-polyethylene tibial components. 
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The cautious révision surgeons should always review the 
original preoperative radiographs to convince themselves 
that the knee was indeed the source of the pain prior to 
arthroplasty. Extra articular causes of pain at the level of 
the knee are likewise critical to identify. These include hip 
arthritis, radicular symptoms, and vascular claudication. 
Documentation of the patient’s ipsilateral hip examination 
should be considered mandatory and a screening antero- 
posterior pelvis film can be invaluable in patients with undi- 
agnosed hip arthrosis. Similarly, the surgeon should hâve a 
high level of suspicion for radicular symptoms in the patient 
with a history of low back pain, prior spinal procedures, or a 
history of falls that may be consistent with vertébral insuf- 
ficiency fracture. The threshold for screening radiographs 
of the lumbar spine in the unexplained painful total knee 
population should be similarly low. Vascular examination 
and, if appropriate, vascular laboratory évaluation should be 
considered, especially in the patient with risk factors such 
as tobacco abuse and diabètes. Finally, in select cases, con¬ 
sidération should be given to psychologie assessment for 
the anxious and/or depressed patient. 45 

SUMMARY/CONCLUSION 

The incidence of pain after TKA is such that ail surgeons 
performing the procedure will be required to perform diag¬ 
nostic évaluations on painful TKA patients. Every attempt 
should be made to establish a spécifie etiology for the patient’s 
symptoms since the resuit of intervention without clear 
surgical indications is nearly universally a poor outcome. 

FUTURE CONSIDERATIONS 

Although currently not widely available, magnetic résonance 
imaging, tailored to reduce metallic susceptibility artifact, 
appears to hâve a promising rôle in the diagnosis of why 
some knees continue to be symptomatic postoperatively. In 
a sériés of 46 patients that underwent such a scan, the treat- 
ment of 20 patients was directly impacted by this type of 
scan. 46 Magnetic résonance imaging-diagnosed problems 
included partial patellar tendon tear, inflammatory synovitis, 
collateral ligament atténuation, and osteolysis. Further inves¬ 
tigation of this interesting technique is warranted. 

REFERENCES 

1. Agency for Healthcare Research and Quality: Total Knee Replace¬ 
ment. Summary, Evidence Report/Technology Assessment: Number 
86. AHRQ publication No. 04-E006-1, December 2003. Rockville, 
MD, Agency for Healthcare Research and Quality. Available at 
http://wwwahrq.gov/clinic/epcsums/kneesum.htm. 

2. Ranawat CS, Flynn WF, Saddler S, et al: Long-term results of the 
total condylar knee arthroplasty. Clin Orthop 286:94, 1993. 

3. Ritter MA, Herbst SA, Keating EM, et al: Long-term survival anal¬ 
ysis of a posterior cruciate-retaining total condylar knee arthro¬ 
plasty. Clin Orthop 309:136, 1994. 

4. Scott RD, Volatile TB: Twelve years’ expérience with posterior cru¬ 
ciate-retaining total knee arthroplasty. Clin Orthop 205:100, 1986. 


5. Stern SH, Insall JN: Posterior stabilized prostheses: Results after 
follow-up of nine to twelve years. J Bone Joint Surg Am 74:980, 1992. 

6. Callahan CM, Drake BG, Heck DA, et al: Patient outcomes follow- 
ing tricompartmentai total knee replacement: A meta-analysis. 
JAMA 271:1349-1357, 1994. 

7. Mont MA, Serna FK, Krackow KA, et al: Exploration of radiograph- 
ically normal total knee replacement for unexplained pain. Clin 
Orthop 331:216, 1996. 

8. Laskin RS: The patient with a painful total knee replacement. 
In Lotke PA, Garino JP (eds): Révision Total Knee Arthroplasty. 
Philadelphia, Lippincott, 1999, pp 91-107. 

9. Gonzales MH, Mekhail AO: The failed total knee arthro¬ 
plasty: Evaluation and etiology. J Am Acad Orthop Surg 12: 
436-446, 2004. 

10. Tsukayama DT, Goldberg VM, Kyle R: Diagnosis and management 
of infection after total knee arthroplasty. J Bone Joint Surg 85(suppl 
1):75—80, 2003. 

11. Bliss DG, McBride GG: Infected total knee arthroplastyies. Clin 
Orthop 199:207-214, 1985. 

12. Winiarsky R, Bart P, Lotke P: Total knee arthroplasty in morbidly 
obese patients. J Bone Joint Surg Am 80:1770, 1998. 

13. Gioe TJ, Killeen KK, Grimm K, et al: Why are total knee replace¬ 
ments revised? Analysis of early révision in a community knee 
implant registry. Clin Orthop 428:100-106, 2004. 

14. Grewal R, Rimmer MG, Freeman MAR: Early migration of 
prostheses related to long-term survivorship: Comparison of tibial 
components in knee replacement. J Bone Joint Surg Br 74: 
239-242, 1992. 

15. Blaha JD, Insler HP, Freeman MAR, et al: The fixation of a proxi¬ 
mal tibial polyethylene prosthesis without cernent. J Bone Joint Surg 
Br 64:326-335, 1982. 

16. Ecker ML, Lotke PA, Windsor RE, et al: Long-term results after 
total condylar knee arthroplasty. Significance of radiolucent lines. 
Clin Orthop 216:151-158, 1987. 

17. Fehring TK, Odum S, Griffin WL, et al: Early failures in total knee 
arthoplasty. Clin Orthop 392:315-318, 2001. 

18. Brassard MF, Insall JN, Scuderi GR, et al: Complications of total 
knee arthroplasty. In Scott NW (ed): Surgery of the Knee. Philadel¬ 
phia, WB Saunders, 2006, pp 1716-1760. 

19. Lotke PA, Ecker ML: Influence of positioning of prosthesis in total 
knee replacement. J Bone Joint Surg Am 59:77, 1977. 

20. Hvid I, Nielsen S: Total condylar knee arthroplasty: Prosthetic com- 
ponent positioning and radiolucent lines. Acta Orthop Scand 
55:160, 1984. 

21. Dorr LD, Boiardo RA: Technical considération in total knee arthro¬ 
plasty. Clin Orthop 205:5, 1986. 

22. Hsu H-P, Garg A, Walker PS, et al: Effect of knee component 
alignment on tibial load distribution with clinical corrélation. Clin 
Orthop 248:135, 1989. 

23. Smith JL Jr, Tullos HS, Davidson J: Alignment of total knee arthro¬ 
plasty. J Arthroplasty 4:55, 1989. 

24. Sharkey PF, Hozack WJ, Rothman RH, et al: Why are total knee 
arthroplasties failing today? Clin Orthop 404:7-13, 2002. 

25. Fehring TK, Valadie AL: Knee instability after total knee arthro¬ 
plasty. Clin Orthop 299:157-162, 1994. 

26. Montgomery RL, Goodman SB, Congradi J: Late rupture of the 
posterior cruciate ligament after total knee arthroplasty. Iowa 
Orthop 167-170, 1993. 

27. Ochsner JL Jr, Kostman WC, Dodson M: Posterior cruciate 
ligament avulsion in total knee arthroplasty. Orthop Rev 22: 
1121-1124, 1993. 

28. Pagnano MW, Hanssen AD, Lawallen DG, et al: Flexion instability 
after primary posterior cruciate retaining total knee arthroplasty. 
Clin Orthop 356:39-46, 1998. 

29. Galinat BJ, Vernace JV, Booth RE, et al: Dislocation of the posterior 
stabilized total knee arthroplasty: A report of two cases. J Arthroplasty 
2:363-367, 1988. 

30. Gebhard JS, Kilgus DJ: Dislocation of a posterior stabilized total 
knee prosthesis: A report of two cases. Clin Orthop 254:225-229, 
1990. 

31. Sharkey PF, Hozack WJ? Booth RE, et al: Posterior dislocation of 
total knee arthroplasty. Clin Orthop 278:128-133, 1992. 

32. Chiu Y, Chen W, Huang C, et al: Fracture of the polyethylene tibial 
post in a NexGen posterior-stabilized knee prosthesis. J Arthro¬ 
plasty 19:1045-1049, 2004. 


CHAPTER 15 Evaluation of the Painful/Failed Total Knee Arthroplasty 173 


33. Mauerhan DR: Fracture of the polyethylene tibial post in a posterior 
cruciate-substituting total knee arthroplasty mimicking patellar clunk 
syndrome: A report of 5 cases. J Arthroplasty 18:942-945, 2003. 

34. Mestha P, Shenava Y, D’Arcy JC: Fracture of the polyethylene tibial 
post in posterior stabilized (Insall Burnstein II) total knee arthro¬ 
plasty. J Arthroplasty 15:814-815, 2000. 

35. Vince KG, Abdeen A, Sugimori T: The unstable total knee arthro¬ 
plasty, causes and cures. J Arthroplasty 21(suppl l):44—49, 2006. 

36. Kim J, Nelson C, Lotke P: Stiffness after total knee arthroplasty: 
Prevalence of the complication and outcomes of révision. J Bone 
Joint Surg Am 86:1479-1484, 2004. 

37. Babis GC, Trousdale RT, Pagnano MW, et al: Poor outcomes of 
isolated tibial insert exchange and arthrolysis for the management 
of stiffness foliowing total knee arthroplasty. J Bone Joint Surg Am 
83:1534—1536, 2001. 

38. Christensen CP, Crawford JJ, Olin MD, et al: Révision of stiff total 
knee arthroplasty. J Arthroplasty 17:409-415, 2002. 

39. Nicholls DW, Dorr LD: Révision surgery for stiff total knee arthro¬ 
plasty. J Arthroplasty 5(suppl):S73-S77, 1990. 


40. Papagelopoulos PJ, Sim FH: Limited range of motion after total 
knee arthroplasty: Etiology, treatment, and prognosis. Orthopedics 
20:1061-1067, 1997. 

4L Katz MM, Hungerford DS, Krackow KA, et al: Reflex sympathetic 
dystrophy as a cause of poor results after total knee arthroplasty. 
J Arthroplasty 1:117, 1986. 

42. Hallab N, Merritt K, Jacobs JJ: Métal sensitivity in patients with 
orthopaedic implants. J Bone Joint Surg Am 83:428-436, 2001. 

43. Katz MM, Hungerford DS: Reflex sympathetic dystophy affecting 
the knee. J Bone Joint Surg Br 69:797-803, 1987. 

44. Dellon AL, Mont M, Mullik T, et al: Partial denervation for persis¬ 
tent neuroma around the knee. Clin Orthop 329:216-222, 1996. 

45. Ayers DC, Franklin PD, Trief P, et al: How preoperative MCS 
affects postoperative outcome in joint replacement surgery. 
J Arthroplasty 7(suppl 2):605-612, 2004. 

46. Sofka CM, Potter HG, Figgie M, et al: Magnetic résonance imaging 
of total knee arthroplasty. Clin Orthop 406:129-135, 2003. 


C H A P T E R 



Soft Tissue Issues: Exposure and Coverage 


William J. Long Fred D. Cushner 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: This chapter considers operative planning and reconstructions with associated soft tissue concerns. Multiple techniques 
are presented, including incision sélection, soft tissue expansion, and both local and free flap coverage about the knee. 

IMPORTANT POINTS: 

1. Appropriate preoperative planning 

2. Indications for spécifie techniques 

3. Surgical applications 

4. Postoperative protocols 

CLINICAL/SURGICAL PEARLS: 

1. Identify the knee at risk. 

2. Recognize and treat comorbid conditions. 

3. Obtain relevant consultations with experts in soft tissue and microvascular surgery. 

4. Select the appropriate management plan. 

5. Generally, when multiple parallel incisions exist, use the most latéral. 

6. Sham incisions are reserved for very select cases but can give some indication as to wound healing potential. 

7. A low threshold for the use of soft tissue expansion techniques should be maintained. 

8. Recognize postoperative soft tissue concerns. 

9. Well-vascularized soft tissue coverage is essential following knee reconstruction and can usually be achieved with a gastroenemius flap. 

10. Free flaps are effective tools for soft tissue coverage when a large or proximal defect exists. 

CLINICAL/SURGICAL PITFALLS: 

1. Failure to recognize and address soft tissue concerns preoperatively. 

2. The use of simple incision management techniques when a more complex approach is necessary. 

3. Sham incisions offer only an indication of healing potential and do not guarantee that soft tissue healing will proceed following reconstruction. 

4. Soft tissue expansion techniques require a healthy plane for dissection and expansion and cannot be applied to areas of previous irradiation or 
skin graft application directly over tendon or bone. 

5. Delayed management of postoperative soft tissue complications and draining wounds. 

6. Not recognizing a potential deep infection at the time of soft tissue coverage. 

7. Wound closure under tension frequently results in breakdown and is better treated with prophylactic coverage. 

8. Attempting to cover proximal defects with rotational gastroenemius flaps can lead to tension on the flap and necrosis. 

9. Failure to obtain early appropriate consultation for soft tissue management. 

VIDEO AVAILABLE: 

Not available. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Soft tissue considérations in total knee arthroplasty (TKA) 
must always be at the forefront when considering operative 
management. The knee area consists of a thin overlying soft 
tissue envelope that must be protective, well vascularized, 


and supple enough to allow for the large degrees of stretch 
and sheer required for a functional range of motion. The fail¬ 
ure to address soft tissue concerns appropriately and preemp- 
tively can resuit not only in the failure of the reconstruction 
but also in deep infection, a nonfunctioning extremity, ampu¬ 
tation, and/or a potentially life-threatening problem. 
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Historically, problems hâve occurred when surgeons 
hâve failed to recognize the significance of a soft tissue con- 
cern about the knee. Complications arise at multiple stages 
in the reconstructive pathway: preoperatively, particularly in 
the multiply operated extremity; postoperatively, when soft 
tissue breakdown occurs following reconstruction; and fol- 
lowing infection, predominantly in chronic cases with soft 
tissue breakdown and sinus tract formation. 

Although most TKAs can be performed with standard 
protocols, an understanding of when to apply spécifie soft 
tissue management principles is required. Cases requiring 
advanced management will likely continue to rise for a num- 
ber of reasons. The first is that more patients, having had 
previous open surgeries including meniscectomies, tibial pla¬ 
teau fractures, ostéotomies, ligament reconstructions, and 
other procedures about the knee, are now beginning to 
require TKAs. Secondly, as rates of TKA continue to rise, 
so do the number of cases requiring révision for septic and 
aseptie causes. Finally, the patient population has changed, 
as TKAs are performed at an earlier âge and also on patients 
with multiple comorbidities. 

CLASSIFICATION SYSTEM 

Soft tissue management options can be broadly categorized 
into prearthroplasty and postarthroplasty techniques. Pre- 
arthroplasty techniques include incision choice and manage¬ 
ment, sham incisions, soft tissue expansion, and prophylactic 
flap coverage. Postarthroplasty techniques include local 
wound management techniques, irrigation and debridement 
(I&D) with primary closure, split-thickness skin grafting with 
and without vacuum assisted closure (VAC) sponge applica¬ 
tion, local fasciocutaneous flaps, muscle and myocutaneous 
flaps, and free flap applications. 

INDICATIONS/CONTRAINDICATIONS 

Soft tissue management issues cover a wide range of clinical 
présentations, but the goals and principles remain the same: 
to obtain a healthy, well-vascularized, mobile soft tissue 
sleeve about the knee. Based on the spécifie clinical présenta¬ 
tion, an individualized plan is made, which attempts to incor- 
porate the least complex management plan that will obtain 
healthy coverage for the knee area. 

Prearthroplasty 

When a clinician is faced with a preoperative knee in which 
the local soft tissues hâve been previously manipulated or 
compromised, examination must be preceded by a detailed 
medical and surgical history, particularly about the knee in 
question. Surgical diagnoses, timing of surgery, wound heal- 
ing, and complications are ail noted. A copy of ail previous 
operative reports is helpful. Local and systemic concerns 
include vascular compromise, obesity, malnutrition, 1 local 
radiation or burns, prolonged steroid or NSAID use, 


immunocompromised patients, smoking, 2 and diabètes, 3 as 
these ail affect wound healing. 

Physical examination begins with a standard musculo- 
skeletal examination focused on the knee. Local inspection 
includes a careful examination of the soft tissue envelope. 
Previous incisions, status of the skin and underling tissues, 
and vascular perfusion are important to document. 

Following a complété history, and depending on patient 
local and systemic factors, an appropriate management plan 
is formed. Consultation regarding medical optimization and 
early plastic surgery consultation for soft tissue management 
are of benefit for these complex cases. 

Particular care must be taken with intraoperative soft tis¬ 
sue management in these settings. Adéquate exposure with¬ 
out undue stress or retraction on wound and skin margins 
must be achieved. In most cases, this involves a longer stan¬ 
dard length incision, rather than newer mini-exposures. 

Skin Incisions 

Previous skin incisions about the knee présent a concern 
regarding both the planned approach and the healing poten- 
tial of the skin and underlying tissues. A balance exists 
between the use of an old nonmidline incision and the ability 
to appropriately expose the knee without undermining exten¬ 
sive subeutaneous flaps. When it is thought that adéquate 
exposure and healing can occur, a modified skin incision 
may be required, rather than more advanced techniques. 

As mentioned, a complété history relating to the timing, 
incision used, procedure performed, and any wound healing 
concerns related to previous surgery must be obtained. 

An understanding of the local anatomy and blood supply 
is necessary. Terminal branches of the peripatellar anasto- 
motic ring of arteries are responsible for the majority of the 
blood supply to the anterior skin and subeutaneous tissues 
(Fig. 16-1). This occurs through a subdermal plexus supplied 
by artérioles in the subeutaneous fascia. 4 Thus, flap forma¬ 
tion in the anterior knee must be limited and remain deep 
to the subeutaneous fascia. 

A midline skin incision remains the optimal approach 
when possible, as this decreases the dimensions of the latéral 
skin flap where oxygen tension is lower. 5 A previous longitu¬ 
dinal incision can be used, and some degree of modification 
can be performed to incorporate paramedian skin incisions 
(Fig. 16-2). If multiple incisions exist, generally choose the 
most latéral incision, as the prédominant blood supply is 
médial. Transverse skin incisions such as those from previous 
patellar surgery or high tibial osteotomy can safely be 
crossed at a right angle. 6 Some short oblique incisions such 
as those from previous meniscectomies can be ignored, 
although care must be taken when they are longer and 
approach or cross the midline, as the narrow point of inter¬ 
section with a new longitudinal incision can leave this area 
at risk. When the angle between old and proposed new inci¬ 
sions is less than 60 degrees, alternative techniques are 
indicated. 
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FIGURE 16—1 - The peripatellar anastamotic ring of vessels. 



FIGURE 16-2. A healing modified midline incision incorporating two 
previous incisions. 



FIGURE Î6-3. A well-healed modified incision. 

During the subséquent reconstruction, care should be 
taken to preserve the superolateral geniculate artery when 
performing a latéral release, as this vessel is important in lat¬ 
éral wound edge viability. 7 

Postoperative management is routine for most cases where 
a modification to the standard longitudinal midline incision is 
used (Fig. 16-3). In cases where a larger full-thickness flap or 
a tight closure exist, continuous passive motion (CPM) use 
may be held or limited to less than 40 degrees, and early range 
of motion is limited, as greater degrees of flexion diminish via¬ 
bility of the latéral wound edge. 8 Elévation, compression, and 
the use of a drain can decrease subcutaneous fluid accumulation 
and pressure on the skin closure. Due to the increased risks asso- 
ciated with bleeding, an alternative to low-molecular-weight 
heparin (LMWH) can be used for deep venous thrombosis pro- 
phylaxis in these cases. 9 Frequent clinical examination during 
the postoperative course is important to identify any healing 
problems as small areas of skin necrosis may lead to an underes- 
timation of deep fascia and muscle ischemia or necrosis. 

Pitfalls in simple incision management often requiring 
more advanced management include cases with previous soft 
tissue damage as a resuit of local radiation, trauma, burns, or 
previous surgery with soft tissue loss and/or flap coverage. Be 
aware of a thin, broad incision that is densely adhèrent to the 
underlying fascia, with little or no intervening subcutaneous 
tissue, as a safe plane for subcutaneous dissection may not exist. 

Sham Incision 

A sham incision involves incising the skin, subcutaneous tis¬ 
sue, and undermining flaps, along the planned approach, fol- 
lowed by closure and observation for wound healing. Two 
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benefits to this protocol exist. The first is that the local heal- 
ing ability is assessed. The second is that the incision disrupts 
local blood supply, thus creating a delay phenomenon. 
A delay phenomenon refers to the local changes in soft tissue 
healing and increased blood flow that occurs after an incision 
is made. An interval of week is necessary to assess wound 
healing and to allow for the delay phenomenon. 

Limited applications exist for this technique. A sham 
incision is indicated when it is likely that healing will occur 
without more advanced methods. The disadvantage is that 
two procedures are required and that there is a risk that the 
incision does not heal, thus requiring further prearthroplasty 
management. 

At 1 to 3 weeks before the planned arthroplasty, the 
patient is taken to the operating theatre and placed supine. 
A tourniquet is applied, and the extremity is prepared and 
draped in a stérile fashion. The planned TKA incision is 
marked, and this is incised through the subcutaneous layer 
to the level of the deep fascia. Flaps corresponding to those 
planned for the upcoming surgery are raised in a full-thick- 
ness manner. Hemostasis is obtained and the incision is irri- 
gated and closed. A subcutaneous drain can be placed at the 
surgeon’s discrétion. A stérile soft dressing is applied. 

Following surgery, the patient is encouraged to keep the 
extremity elevated at rest. If a drain is used, it is removed on 
the first postoperative day. Two days following the sham 
incision, the dressing is removed and the incision is exam- 
ined. Close follow-up is required to assess the healing 
response. Appropriate healing and no further benefit to the 
delay phenomenon has been shown in other areas using this 
technique after 1 week . 10 Following a successful sham proce¬ 
dure, arthroplasty can be performed at 1 to 3 weeks. A sham 
incision failing to heal requires further soft tissue manage¬ 
ment before the definitive reconstruction procedure. 

One other pitfall to this technique is that the sham inci¬ 
sion is an indicator that the incision is likely to heal, and not 
a guarantee. Prolonged use of a tourniquet, soft tissue rétrac¬ 
tion, and manipulation ail means that the tissues are sub- 
jected to increased forces at the time of reconstruction. 
Due to these concerns, we hâve limited indications for the 
application of a sham incision and routinely use soft tissue 
expansion techniques when potential for healing problems 
exists. 

Soft Tissue Expansion 

Soft tissue expansion techniques are indicated when insuffi- 
cient or inadéquate soft tissue coverage is présent for success¬ 
ful wound healing. Multiple, Crossing, or combined incisions; 
previous skin graft or flap application; significant angular 
and/or rotational deformities; and procedures requiring 
expanded soft tissue coverage (e.g., extensor mechanism allo- 
graft) may be treated with expansion techniques. Eight to 
10 weeks must be allocated for soft tissue expansion, depend- 
ing on the magnitude of the planned expansion. 

The patient is placed in a supine position on the operat¬ 
ing table. Prophylactic antibiotics are given. A tourniquet 



FIGURE Î6-4. Expander planning and local anesthetic injection 
before expansion. Previous incisions, patella (PAT), and planned 
expansion location and size (12x7) are marked. 

is applied, but not inflated. The en tire lower extremity is 
prepped and draped in a similar stérile fashion to the planned 
reconstructive procedure. Ail previous incisions are marked, 
and a planned incision line for the reconstructive procedure 
is drawn on the knee. 

A mix of dilute local anesthetic is prepared and infil- 
trated subcutaneously in the area of the planned expansion 
(Fig. 16-4) until the subcutaneous tissue and skin blanches, 
typically allowing 250 to 300 mL to be injected. A Tuohy 
needle, with a blunt tip and an opening at 90 degrees to 
the long axis of the shaft, is used. Fluid opens the plane ahead 
of the advancing blunt tip needle. 

Insertion of the expanders is performed though a 2- to 
4-cm incision at the superior aspect of the planned incision 
for later reconstruction. This access incision must not fall 
into the area of expansion. A subcutaneous pocket is created 
using blunt and scissor dissection in the areolar plane 
between the subcutaneous fat and the musculotendinous 
and patellar layer. Multiple length tenotomy scissors are use- 
ful for dissection. A dilute antibiotic solution is then used to 
irrigate the pocket followed by sustained pressure over the 
area to achieve hemostasis. In rare cases, a scope or fiberoptic 
retractor and insulated forceps are necessary to localize and 
cautérisé bleeders, thus achieving a dry plane. 

Rectangular expanders up to 350 mL in volume are then 
inserted. The amount of expanded tissue produced is propor- 
tional to the projection of the expander. Typically, two 
expanders are placed at right angles to each other. One to 
four expanders can be used, depending on the size of the 
extremity, ability of the soft tissues to accommodate the 
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expanders, and the size of the soft tissue flap required. Avoid 
folds or creases in the expanders as this can cause increased 
local pressure on the soft tissues, particularly in the subcuta- 
neous plane. The injection ports are secured on either side 
of the insertion site, superior to the expanders, decreasing 
the pressure on the ports during upright stance. Expanders 
are then inflated until ail of the dead space is taken up. 
The knee is wrapped in a bulky dressing and Ace wrap, 
placed in a knee immobilizer, and elevated on pillows. 

The patient is admitted overnight for observation. 
A knee immobilizer is worn for the first week and no expan¬ 
sion is performed during this period. The patient is allowed 
to weight bear as tolerated but is encouraged to keep the 
extremity elevated at rest throughout the expansion process. 

Graduai expansion is begun 1 week later, at a rate of 
10 % of the expander volume per week. Two factors limit 
the rate of expansion: the capillary refill in the overlying skin 
should not exceed 5 seconds, and the patient must be able to 
comfortably tolerate the rate of expansion. Range of motion 
is not restricted during the expansion process. 

At the time of surgery, the soft tissue envelope and pre- 
viously planned incision line are reassessed (Fig. 16-5). The 
soft tissue expanders are easily removed from the subcutane- 
ous pocket. Care is taken not to violate the reflected margins 
of the pocket, as these are important in blood supply to the 
soft tissue flaps. Any latéral dissection must be made in a 
full-thickness, subperiosteal manner. 

At the completion of the surgery, and following the clo- 
sure of the arthrotomy, the soft tissue envelope is reexamined 



FIGURE Î6-5. Incision sélection and knee post expansion atthe time 
of révision surgery. The orrow dénotés the area of previous soft tissue 
concern. 



FIGURE Î6-6. Latéral soft tissue flap created by expansion at the 
time of closure. 


(Fig. 16-6). In most cases, the skin can be closed primarily, 
but broad incisions and small intervening skin planes 
between parallel incisions may be excised. 

Meticulous hemostasis is obtained and subcutaneous 
drains are placed medially and laterally in the subcutaneous 
pocket. The tourniquet is released, and the soft tissue flaps 
are examined for viability and perfusion before closure. The 
pseudocapsule is closed as a separate layer, followed by an 
interrupted subcutaneous layer and Staples. A compressive 
dressing is applied and the extremity is elevated on pillows. 

Subcutaneous drains decrease the rate of hematoma for¬ 
mation in the pocket created. They are removed when output 
decreases to below 20 mL per shift or 40 mL per day, typi- 
cally about the 48-hour mark from surgery. Until then, the 
patient is restricted to bed rest with the extremity elevated 
and foot pumps. FMWH is held and thrombo-embolie déter¬ 
rent (TED) stockings are not applied, until the subcutaneous 
drains are removed. 

CPM is gradually initiated following drain removal, and 
the patient is allowed to begin mobilizing weight bearing as 
tolerated the next day. It is important to maintain a compres¬ 
sive dressing over the incision, and to elevate the extremity 
while at rest. 

The largest sériés using this technique is by Manifold 
et al., 11 and it incorporated the patients from a previously 
published sériés. 12 Twenty-seven patients with 29 knees trea- 
ted with soft tissue expansion were reviewed. During the 
expansion phase, there were minor wound complications in 
six knees, and one major complication in a patient with prior 
local irradiation, requiring abandonment of the planned 
arthroplasty. 

Before the placement of subcutaneous drains minor 
wound complications, consisting of hematoma formation 
and persistent drainage occurred following 5 of 28 TKAs. 
There were no major complications following any of the 
arthroplasty procedures. 

Pitfalls include prior local irradiation and skin grafts that 
hâve been placed directly over and are densely adhèrent to 
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bone or deep fascia, thus not providing a safe plane for soft 
tissue expansion. Due to the limited mobility of the extrem¬ 
ity during the expansion period, and the delay in initiating 
anticoagulation following surgery, a history of DVT is a rel¬ 
ative contraindication to this technique. 

Dr. Craig Scott has described further considérations and 
details in her extensive expérience with this technique at our 
center and we continue to use this soft tissue expansion pro¬ 
tocol when any concern exists regarding wound healing 
potential. 13 Reports from other centers include the use of 
an expansion protocol in selected cases for revising arthro- 
desed knees to total knees 14 and in two staged révisions for 
infection. 15 

Prophylactic Flap Coverage 

Cases involving previous local irradiation, skin grafting, or 
densely adhèrent scars are candidates for prophylactic flap 
coverage. The principles involve excision of the area of con¬ 
cern and a narrow margin of surrounding healthy tissue. The 
choice of flap dépends on the dimensions required, and the 
status of the extremity. In most cases, a médial or latéral gas- 
trocnemius muscle or myocutaneous flap can be used. 
Lésions that occur above the superior pôle of the patella usu- 
ally are better treated with a free flap, as this is beyond the 
excursion of the gastrocnemius flaps. 

Markovich et al. 16 reviewed their expérience with muscle 
flaps for problem cases about the knee. Four of these cases 
involved prophylactic coverage. Successful revascularization 
was obtained in ail cases, and three of four were rated as having 
good to excellent results. One case of deep infection did occur, 
after complex révision reconstruction with a tibial allograft. 
A delay of at least 12 weeks between flap coverage and sub¬ 
séquent arthroplasty is indicated, to allow for adéquate healing. 

A pedicle peroneal flap has also been successfully used in 
two cases for prophylactic coverage before TKA. 17 

Post-arthroplasty 

The failure of soft tissues to heal following TKA is a serious 
complication. Concern often begins before surgery and may 
also occur at the time of the procedure. Careful examination 
at the first dressing change can alert the clinician to a potentially 
problematic wound, and one that should be monitored closely. 
Early indicators of impending problems include ecchymosis, 
blistering, and ongoing or large amounts of wound drainage. 

Local Care 

Local care measures begin with frequent dressing changes, 
élévation of the extremity, and limitations to mobilization 
and range of motion activities. When superficial epidermal 
loss occurs in an area less than 2 to 3 cm in diameter 
(Fig. 16-7), several modified dressing protocols can be insti- 
tuted to protect the underlying tissues and allow for second- 
ary healing. 18 These include antibacterial ointments and gels 
and enzymatic debriding agents. 



FIGURE T 6-7. A small area of partial-thickness skin loss. 

Successful management of wound complications without 
infection was obtained with local management in two knees 
reported in the larger sériés by Nahabedian et al. 19 

Irrigation and Debridement and Closure 

In selected cases, particularly when wound viability is not 
compromised, I&D and closure may be useful. In particular, 
cases with impending wound compromise due to a large or 
expanding hematoma, or cases with prolonged wound drain¬ 
age beyond 1-week postoperatively are indications for I&D. 
Early intervention may prevent wound breakdown and/or 
deep infection. 

When a decision is made to proceed with surgery, the 
patient is taken to the operating room and the extremity is 
prepared in a similar manner to the index surgery. The inci¬ 
sion is opened, and a stepwise exposure and I&D are per- 
formed. Deep wound cultures can be taken for directed 
antibiotic therapy. When an opening exists or the hematoma 
is deep to the arthrotomy, the prosthesis should be exposed 
and thoroughly irrigated, with polyethylene exchange. 
Meticulous hemostatis is obtained, and a layered closure is 
performed over drains. A soft compressive dressing is 
applied. 

In cases where a tension-free closure cannot be obtained, 
gastrocnemius muscle flap coverage may be necessary. This 
should be discussed and planned for in cases where any con¬ 
cern exists before operative intervention. 
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Postoperatively, the extremity is elevated, and range-of- 
motion activities are suspended. An infectious diseases con¬ 
sultation is obtained, and broad-spectrum antibiotics are 
given pending final cultures, at which point a decision 
regarding continued therapy is made. The wound is exam- 
ined on the second postoperative day, and management pro- 
ceeds based on the status of the soft tissues. We use an 
alternative to LMWH for deep venous thrombosis prophy- 
laxis in these cases as it been associated with prolonged 
drainage. 20 

Weiss and Krackow 21 used an early intervention proto¬ 
col with I&D, and antibiotic therapy to prolonged wound 
drainage following TKA. In eight cases, 25% had positive 
cultures. There were no complications and no deep infec¬ 
tions in these cases. These authors and others 22 hypothesize 
that this early management may avert deep infection in cases 
of prolonged wound drainage. 

Saleh et al. 23 reviewed 2,305 total hip arthroplasties and 
TKAs looking for deep wound infections and noted higher 
rates associated with hematomas and prolonged drainage. 
They predicted a lower rate of deep infection when these 
were managed promptly. 

Split-Thickness Skin Grafting 

Larger areas of superficial skin loss with a healthy dermal 
layer can be treated with local wound care management 
either alone or in combination with split-thickness skin graft¬ 
ing. This process takes a healthy dermal-epidermal layer 
from a harvest site and uses it to cover the skin loss over 
the knee. The graft relies on sérum imbibition for survival 
for the initial 48 hours; thus a healthy bed must be présent 
for application. 

The patient is taken to the operating room, and the 
extremity is prepared and draped in a stérile fashion. The 
harvest site on the ipsilateral or contralatéral thigh is also 
shaven and prepared in a stérile manner. Initial examination 
and debridement of ail necrotic tissue with a thin accompa- 
nying rim of healthy tissue followed by irrigation of the 
wound are performed. On close inspection, no deep exten¬ 
sion of soft tissue compromise may exist, and the area must 
be free from infection. A bed of healthy well-vascularized 
granulation tissue provides the best environment for skin 
graft healing. Hemostasis and irrigation préparé the site for 
the graft. Harvesting is performed and the graft is meshed 
at 1:1.5, then applied and secured with Staples or sutures. 
A compressive dressing or VAC sponge is applied. The har¬ 
vest site is covered by a Xeroform, Tegaderm, or dry dressing 
for mechanical protection and to allow for healing by sec- 
ondary intention. 

Postoperatively, motion is restricted in the grafted limb 
and the extremity is elevated for 5 to 7 days. At this point, 
graduai range of motion and mobilization are begun. The 
operative dressing is removed at 4 to 5 days and the wound 
is examined. Graft site management then involves application 
of topical antibiotic ointment followed by a light nonadhe- 
sive dry dressing. 


Ries 24 reported successful healing using split-thickness 
skin grafting for two cases of skin necrosis over the patella 
following TKA. Other authors hâve reported this technique 
in larger sériés of postoperative wound complications. 19 

Local Fasciocutaneous Flaps 

The condition of the surrounding soft tissues, combined with 
the size of the defect, détermines whether a local fasciocuta¬ 
neous flap may be used. Preoperative planning involves 
designing a flap appropriate for coverage based on arterial fas¬ 
ciocutaneous patterns and the size of defect to be covered. 25 
The ratio of length to width of the flap should not exceed 
2.5:1 and is preferably oriented in an axial direction as this 
better respects the major éléments of vascular inflow. 26 

Operative management is performed in a similar posi¬ 
tion and setting to the preceding surgery, along with a donor 
site for skin grafting, which is usually required, to the area of 
graft harvest. The area of necrosis is debrided to a healthy 
base followed by copious antibiotic irrigation. Doppler out- 
lining of the spécifie fasciocutenous flap borders is per¬ 
formed as their vascular supply can vary. 25 Flap location 
and dimension are then marked, and the flap is raised. Care 
is taken to leave the deep loose areolar tissue as a healthy 
base for subséquent skin grafting. The wound is closed in 
layers, and a dry compression dressing is applied as well as 
appropriate dressings to the skin graft site and skin graft har¬ 
vest sites as described. 

Postoperative management is dictated by the procedure 
performed. If primary closure is obtained, then mobilization 
may begin early, but care should be taken to limit range of 
motion to less than 40 degrees for the initial postoperative 
period as this decreases oxygénation to the tissues of the 
anterior knee. 8 

Pontén 27 first described fasciocutaneous flap coverage in 
the lower leg. Since then, a number of authors hâve reported 
success with modifications of this technique about TKAs. 28,29 
Antérolatéral thigh fasciocutaneous flaps were used success- 
fully to treat extremity defects in an extensive study of 672 
cases of grafts obtained from this site. 30 

However, in another study incorporating multiple techni¬ 
ques by Nahabedian et al., 19 a 43% failure rate was noted with 
fasciocutaneous grafts, and they suggest limiting its use to 
small, superficial defects in the absence of deep infection. 31 

Muscle and Myocutaneous Flaps 

Larger areas of soft tissue breakdown and cases with exposed 
tendon or bone require muscle coverage to obtain healing. 
Transferred tissue provides both soft tissue coverage and 
blood flow to the local area. The muscle can be transported 
with an associated island of skin (myocutaneous flap) or inde- 
pendently with subséquent split-thickness skin grafting. 

The primary source for local muscle coverage about the 
knee is the gastroenemius muscle. The two heads are sup- 
plied by separate independent artery and this provides the 
pedicle about which they are each rotated. 32 The médial 
head is larger and longer and thus is used in most cases. 
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In far latéral areas of soft tissue loss, the latéral head may be 
used, but care must be taken to avoid the peroneal nerve as it 
passes around the proximal fîbula. 

The affected extremity is draped freely with a thigh tour¬ 
niquet. The area of soft tissue loss is addressed with debride- 
ment of ail devitalized tissue, along with a thin margin of 
viable tissue. In cases of prosthesis exposure, or capsular open- 
ing, I&D of the joint with polyethylene exchange is performed. 

A longitudinal incision is used for médial gastrocnemius 
exposure along the anterior border of the muscle. This is car- 
ried down through deep tissue, and the overlying deep fascia 
is opened longitudinally. Care is taken to preserve the long 
saphenous vein. The plane anteriorly between the gastrocne¬ 
mius and soleus is bluntly split, as is the layer between the 
muscle and deep fascia posteriorly to the midline raphe. If 
a myocutaneous graft is being used, then the multiple 
perfora tors 3 3 from the posterior muscle belly are preserved; 
otherwise, these vessels are divided. As dissection proceeds 
proximally, some Crossing fibers and small vessels must be 
divided. Attempt to preserve the sural nerve and short saphe¬ 
nous vein traveling along the midline raphe. Distally, the 
insertion into the Achilles tendon is divided, maintaining a 
small cuff of tendon, which aids in securing the flap 
(Fig. 16-8). A subcutaneous tunnel is then created to allow 
the graft to pass into the area of soft tissue deficiency. The 
tunnel must be wide enough that the graft is not constricted 
along its course. 

When additional length is required in the graft, the deep 
fascia can be incised or striped 34 to allow further lengthening 
or widening. The proximal origin of the muscle can also be 
released, as the basis for rotation is the vascular pedicle, not 
this attachment. 

Hemostasis is obtained and the donor site is irrigated 
and closed in layers over a deep drain. The graft is secured 
at the récipient site by suture to the deep tissue layers and 
insetting it under the skin edges. Split-thickness skin graft 
is harvested and applied as previously described (Fig. 16-9), 
followed by a compressive dressing and a long leg splint or 
knee immobilizer. 



FIGURE 16-8. A gastrocnemius flap following dissection and before 
rotation on its pedicle. 



FIGURE 16-9. Soft tissue coverage of a defect with a gastrocnemius 
rotational flap and split-thickness skin graft. 


Postoperatively, the extremity is elevated for the first 5 
to 7 days. Motion is restricted. Dressings are changed on 
the fourth to fifth postoperative day and managed as 
described for a split-thickness skin graft. Weight bearing 
and motion are gradually begun after 7 to 10 days, and prog- 
ress as tolerated and as indicated by the status of the flap site 
(Fig. 16-10). 

This technique may also be applied to the latéral head of 
the gastrocnemius. Significant différences involve the prox- 
imity to the common peroneal nerve, the smaller size of the 
flap, and the presence of the fabula, which limits its 
excursion. 

When obtaining a myocutaneous flap, soft tissue, and an 
overlying paddle of skin, is harvested. As described, care 
must be taken to avoid damaging the multiple perforators. 
Intraoperative Doppler assessment of perforators is used 
and a viable soft tissue graft may extend as far distally as 
5 cm above the médial malleolus. 35 

Surgical concerns related to this technique involve injury 
to nearby neurovascular structures including the sural nerve 



FIGURE 16-T 0. A gastrocnemius flap at the time of suture and staple 
removal. 
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and short and long saphenous veins. Failure to adequately 
achieve hemostasis in the perforating vessels can resuit in 
hematoma formation in the calf. A narrow tunnel can stran- 
gulate the traversing graft. Excessive stretch on the vascular 
pedicle can damage the blood supply to the flap. 

Cosmetic concerns include the decreased postoperative 
calf girth and the larger soft tissue mass over the anterior 
knee. As disuse atrophy develops, and the flap matures, the 
bulk diminishes over the knee area. 

When a myocutaneous flap is used, particularly in 
patients with larger amounts of adipose tissue, there may 
initially be a large discrepancy in the thickness of the under- 
lying soft tissue in the graft, and the surrounding anterior 
knee tissue. 

Sanders and O’Neill 36 described the use of the myocuta¬ 
neous gastrocnemius flap for soft tissue coverage following 
TKA. Since then, many authors hâve presented good results 
with timely application of gastrocnemius flaps. 3 7-41 As part 
of a larger sériés Nahabedian et al., 19 report a 96% success 
rate (26 of 27) with gastrocnemius flaps 

Markovich et al. 16 noted a 50% failure rate (2 of 4) when 
a gastrocnemius flap was attempted in the face of chronic 
infection, as opposed to a 100% success rate when applied 
within 2 to 3 weeks of arthroplasty. This further highlights 
the improved results associated with aggressive manage¬ 
ment of infection and soft tissues, rather than a delayed 
approach. 

Spécifie applications associated with TKA hâve been 
reported, including two of seven cases of knee fusion to 
TKA flaps were skin necrosis occurred 42 ; the use of both 
heads of the gastrocnemius for a large defect 43 ; application 
at the time of reimplantation following extended expiant 
without antibiotic spacers 44 ; and for the treatment of asso¬ 
ciated extensor mechanism deficiency, where médial gastroc¬ 
nemius flaps hâve been successfully used. 45,46 

A recent study by Moscona et al. 47 describes the ana¬ 
tomie basis and successful clinical application of a technique 
involving splitting both the médial and latéral gastrocnemius 
muscle bellies along their respective vascular territories, 
potentially further expanding the use of these flaps to lésions 
of variable size and location. 

Free Flaps 

Free flaps about the knee are indicated when local flaps are 
contraindicated due to the location or size of the defect, or 
due to the compromised status of the traditional, and our 
preferred, gastrocnemius flap. 

Plastic surgery consultation with a surgeon facile and 
experienced in microvascular anastamoses is necessary pre- 
operatively. Relative contraindications to this complex proce¬ 
dure include severe peripheral vascular disease, smoking, 
diabètes, and chronic rénal failure. 

Preoperative planning involves assessment of the area 
requiring coverage, and sélection of an appropriate donor 
site. Clinical examination involves palpation of puises at the 
fémoral, popliteal, and distal levels. An angiogram of the 


récipient vessels is required. Depending on the donor site 
selected, an angiogram of this area may also be required, 
although we do not routinely perform angiograms when a 
latissimus dorsi donor is chosen. 

Generally, two teams are necessary for more rapid har- 
vest and transposition of the graft. The dimensions and loca¬ 
tion of the soft tissue defect, the length of the required 
pedicle, the expérience of the treating surgeons, and a discus¬ 
sion with the patient, help to détermine the optimal graft. 
Opérative management dépends on the flap site. Ideally, the 
patient is positioned in such a manner that both the donor 
and récipient site can be simultaneously addressed. This 
allows harvest of the donor site to proceed while the récipi¬ 
ent site is prepared, the local vessels are exposed, and the 
microscope is positioned. 

Multiple sites exist from which to obtain this graft. 
Common donor sites include the latissimus dorsi muscle, 
the rectus abdominus, and the serratus anterior. 34 The graci- 
lis free flap can also be used to cover smaller defects. 

Our preference is to use the latissimus flap when possi¬ 
ble. This flap provides versatile and useful choice for a num- 
ber of reasons: it is able to cover a large area and is relatively 
fiat, has a reliable, long thoracodorsal pedicle that allows 
anastomosis farther proximal to the knee joint, and can be 
harvested while the donor site is being prepared. The down- 
sides to this graft are that it can be bulky when used for smal¬ 
ler lésions and that postoperatively seroma formation at the 
harvest site is very common and thus a drain must be main- 
tained for an extended period. 

At the time of free tissue transfer, the patient is posi¬ 
tioned to allow access to both the contralatéral latissimus 
harvest and donor sites. Ideally, two teams are used—one 
to harvest the graft, and one to préparé the récipient site 
and vessels. The incision for harvest dépends on whether a 
musculocutaneous (Fig. 16-11) or muscle flap is required. 
When incorporating a musculocutaneous flap, Doppler 
ultrasound is used to map out appropriate skin perforators 
and thus helps with flap design. 



FIGURE Î6-Î î. The planned incision for a free musculocutaneous 
latissimus-based flap. 
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With a muscle transfer, the anterior border of the latissi- 
mus muscle is marked and an incision is made. The muscle is 
exposed on its superfîcial surface to the midline. The vascular 
pedicle is then identified on the anterior surface, and care- 
fully dissected towards the axilla. The distal origins are then 
released, followed by the humerai insertion. The wound is 
then irrigated, a drain is placed, and a layered closure is 
performed. 

The récipient site is debrided of ail necrotic tissue, and 
the anastomosis site is prepared. In some cases the descend- 
ing geniculate branch of the superfîcial fémoral artery, if 
substantial, and one or two associated veins, is localized in 
Hunter’s canal and used for anastomosis. When flow 
though this vessel is inadéquate, an end-to-side anastomosis 
with the superfîcial fémoral artery and vein is performed, 
which are accessible via the same exposure. The muscle is 
then inset and covered in a similar manner to a gastrocne- 
mious flap (Fig. 16-12). A similar compressive dressing 
may be applied, but it must hâve a window to allow post- 
operative Doppler assessments, as well as visual inspection 
of the graft. 

Postoperatively, Doppler flow and visual inspection of 
the graft are performed at routine intervals. Mobilization 
and range of motion protocols are again similar to those fol- 
lowing a gastrocnemius flap. 

Common complications include the development of a 
hematoma or seroma at the harvest site due to the large 
potential dead space. Postoperative drainage and the use of 
alternative anticoagulation to LMWH can reduce these risks. 



FIGURE 16 - 12 . Application of a free musculocutaneous latissimus flap. 


The rare complication of microvascular occlusion or failure 
of the graft requires a secondary free tissue transfer or 
above-knee amputation. 

A number of authors hâve reported success with free mus¬ 
cle transfers for the treatment of soft tissue defects about the 
knee. 16,19,30,48 Of note, there were a number of reoperations 
in these sériés, and authors stress the importance of aggressive 
treatment of any associated infection that exists. 16,19 

Minimally invasive and endoscopie techniques hâve been 
successfully applied to free flap graft harvesting, which reduces 
the donor site morbidity associated with open surgery. 49,50 

Despite these successes, it is important to recall that a 
reconstruction in which a deep infection is not addressed and 
treated at the time, or before flap coverage, is doomed to failure. 

SUMMARY/CONCLUSION 

Advanced soft tissue management skills are an important part 
of a reconstructive surgeon’s armamentarium. Recognizing 
the knee at risk of wound-healing problems and addressing 
this preoperatively with the described techniques are préfér¬ 
able. In cases where, despite these measures, postoperative 
wound necrosis or dehiscence occurs, early aggressive mea¬ 
sures generally achieve an acceptable outcome. 

FUTURE CONSIDERATIONS 

Improved understanding of soft tissue healing and manage¬ 
ment techniques should resuit in a decrease in postoperative 
wound complications. Early aggressive management proto- 
cols for infection with associated soft tissue coverage when 
needed also reduces the need for late salvage techniques, 
which are associated with much less successful results. Less 
invasive techniques for graft harvest and improved under¬ 
standing of fasciocutaneous flap patterns continue to lead 
to a réduction in donor site morbidity related to these com- 
plex reconstructions. 
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Surgical Exposure in Total Knee Arthroplasty 


Léo A. Whiteside 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Adéquate surgical exposure is one of the keys to sucœssful total knee arthroplasty. The approach selected is dépendent 
on surgeon knowledge and expérience, individual patient anatomy, and location of any prior surgical incision(s). Révision total knee arthroplasty 
présents certain challenges to the exposure and may require additional procedures such as tibial tubercle osteotomy and the use of vascularized 
soft tissue flaps for adéquate coverage. 

IMPORTANT POINTS: 

1. The skin incision 

Straight anterior 
Prior surgical incisions 

2. Deeper dissection 

Médial parapatellar 
Subvastus 
Mid-vastus 
Intervastus 

3. Additional exposure 

Soft tissue release 

Quadriceps turndown, or V-Y plasty 

Tibial tubercle osteotomy 

4. Closure 

Primary 

Vascularized flaps 

CLINICAL/SURGICAL PEARLS: 

1. Patient sélection 

Consider factors such as prior surgery, obesity, skin status, and muscle mass when choosing the approach 

2. Skin incision 

Straight anterior is most common. 

Use prior incision when possible. 

Delay arthroplasty if adéquate soft tissue coverage cannot be obtained. 

Avoid the use of retractors after entering the knee. 

3. Deep dissection 

Avoid damage to the vastus medialis and its neurovascular supply. 

Use stepwise fashion of soft tissue release (osteophytes, fat pad, anterior quadriceps expansion, latéral patellar retinaculum). 

Use quadriceps turndown, or V-Y plasty in cases of quadriceps contracture. 

Tibial tubercle osteotomy is best when preliminary exposure is through the subvastus, mid-vastus, or intervastus approach. 

4. Closure 

Use augmented soft tissue closure as needed. 

The médial gastrocnemius muscle belly is an effective vascularized flap. 
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CLI NI CAL/SU RG ICAL PITFALLS: 

1. Visualization and exposure 

Inadéquate incision to allow visualization 
Patient factors such as obesity or contracture 

Avoid excessive stripping of capsule and ligaments, which can devascularize the bone and affect stability. 

Coonse Adams turndown can damage the extensor mechanism and lead to patellar avascular necrosis. 

Use oblique saw cuts during tibial tubercle osteotomy and use care in fixation to avoid a stress riser, which can resuit in fracture. 

2. Patella maltracking 

Minimize vastus medialis muscle damage. 

Use caution to avoid neurovascular injury during approach. 

Perform adéquate patella retinacular release. 

VIDEO AVAILABLE: 

1. Surgical exposure in révision total knee arthroplasty 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Exposure is the cornerstone to successful total knee arthroplasty 
(TKA) and is accomplished by the application of knowledge and 
expérience with the anatomy and function of the soft tissues in 
the lower extremity. Often the initial incision is inadéquate and 
must be lengthened to achieve adéquate exposure, so ail expo- 
sures made should be extendable. One of the worst mistakes in 
TKA is to attempt to do the operation through a small incision. 

The skin receives most of its blood supply from the fém¬ 
oral artery and innervation from the fémoral nerve, so the 
vessels and nerves pass from medially to laterally. Therefore, 
laterally placed skin incisions are more likely to hâve well- 
vascularized and innervated skin edges on both sides. How- 
ever, arthrotomy usually is done médial to the patella, so skin 
incisions latéral to the patella would need to be excessively long 
to allow adéquate access to the joint. The best compromise is 
a straight anterior incision in primary TKA (Fig. 17-1). It can 
be extended proximally and distally to gain access to the shafts 



FIGURE 17—1 . Latéral subfascial dissection créâtes a pocket for the 
patella. ( 'Adapted with permission from Whiteside LA: Surgical exposure in révision 
total knee arthroplasty. Instr Course Lect 46:221-225, 1997.) 


of the fémur and tibia and even farther distally to gain access 
to the médial gastrocnemius muscle. Considération for blood 
supply and management of the subcutaneous fat are important 
issues in the obese lower extremity. Generally, extensive subcu¬ 
taneous dissection is not good practice in exposure for TKA, 
but in cases of obesity in which the thick layer of subcutaneous 
fat is dense and fibrotic, some undermining of the subcutane¬ 
ous tissue is necessary to displace the patella laterally without 
excessive pressure and retraction on the subcutaneous fat layer 
itself. Blood supply to the subcutaneous fat layer cornes through 
the subdermal plexus and the deep plexus that lies just super- 
ficial to the deep fascial layer, 1 so the method of dissection of 
the subcutaneous fat should avoid dissecting directly into the 
fat layer. In these cases, dissection in the subfascial plane is 
the safest way to loosen the subcutaneous fat from the patella 
and anterior capsular structures (Fig. 17-2). 

The skin incision should be at least as long as the deep 
incision or the surgical team risks stretching the skin and subcu¬ 
taneous fat so extensively that necrosis of the fat and skin occurs, 
often leading to catastrophic infection. Retraction while trans- 
ecting the skin and subcutaneous tissue should be very gentle, 
and after entry into the knee through the quadriceps mechanism 
and capsule, retractors no longer should be applied to the skin 
and subcutaneous tissue. 


* 



FIGURE î 7-2. A given fasciocutaneous flap (J) is sustained by 
septocutaneous perforators (F) that pass between the muscles (G) to 
form a subfascial (H) and suprafascial (I) plexus about the deep 
fascia (K). The interconnections (*) between contiguous territories of 
perforators within this fasciocutaneous plexus allow robust axial flaps. 
(Adapted with permission from Hallock CG: Salvage of total knee arthroplasty with 
local fasciocutaneous flaps. J Bone Joint Surg Am 72:1256-1259, 1990.) 
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In cases with multiple surgical scars from previous oper¬ 
ations, a good rule of thumb is to reenter the knee through 
the incision most recently done, the most laterally placed, 
the longest, and the least adhèrent to deep fascial tissues. 
When one incision meets ail these criteria, it is clearly the 
correct incision to access the knee if it is in reasonable posi¬ 
tion. In rare cases where a clearly effective and safe entry into 
the knee is not apparent, the skin incision can be made prior 
to inflating the tourniquet, the skin edges can be inspected, 
and if poor vascularity is présent, the skin should be closed 
and an inflatable skin expander placed in the subfascial place 
next to the incision. The arthroplasty should be postponed 
until adéquate soft tissue coverage can be achieved. In cases 
where this is not applicable such as an infection with loss of 
skin and capsular tissue or patellar tendon, the procedure 
can be continued and then at the end of the operation, a 
médial gastrocnemius flap can be used to close the capsular 
defect, leaving a surface that will require a split-thickness 
skin graft after deep closure has been done. 

Choice of surgical approach for total knee replacement 
may hâve a major influence on postoperative results because 
of its effect on the quadriceps muscle function. Imbalance of 
the quadriceps muscle can cause patellar maltracking and 
complété failure of the quadriceps mechanism. Slight varia¬ 
tions in tensile load produced by the various éléments of the 
quadriceps mechanism could cause marked patellar tracking 
abnormalities. 2 High rates of patellar tilt and maltracking hâve 
been reported, and the authors hâve suggested that this may 
resuit from dynamic imbalance in the quadriceps muscle group 
that is difficult to detect at the time of surgery. 3 The vastus 
medialis and vastus medialis obliquus are especially important 
stabilizers of the patella, and even mild neurologie damage to 
these structures is likely to resuit in patellar tracking abnor¬ 
malities that would be difficult to detect intraoperatively but 
would signfficantly compromise later results. 

The standard médial parapatellar approach splits the 
quadriceps tendon, detaching the médial half of the quadriceps 
tendon and the entire vastus medialis from the médial half of 
the patella. 4 This is an effective approach to the knee but risks 
patellar tilt and subluxation in a signfficant number of cases. 3 
An approach to the knee that does not split the quadriceps 
mechanism, the subvastus approach, préserves the attach- 
ments of the vastus medialis to the patella, but it does elevate 
the vastus medialis from the médial intermuscular septum 
and adductor aponeurosis. 5 This procedure is difficult in 
heavily muscled or obese patients, often requiring tibial tuber- 
cle osteotomy, and also may damage the vastus medialis 
because of heavy retraction and stretching. Approaches to the 
knee that split muscle fibers within the vastus medialis 
(trivector and mid-vastus approaches) offer more convenient 
exposure than does the subvastus approach, and also leave 
muscle attachments to the superior médial border of the 
patella, thus facilitating patellar stability 6 (Fig 17-3). Both of 
these approaches risk damage to the nerve and blood supply 
to the vastus medialis obliquus and also may damage the 
muscles directly by causing excessive retraction and pressure 
on the muscle tissues. Although the vastus medialis commonly 
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FIGURE 17-3. The subvastus, mid-vastus, trivector, and intervastus 
approaches are indicated on this illustration by dashed Unes. 

The intervastus approach extends from the upper médial corner of the 
patella proximally 2 to 3 cm, then diverges medially between the 
muscle fibers of the vastus intermedius and medialis muscles. 

A small notch is made at the upper médial corner of the patella as a 
landmark for closing the muscle and capsule. The dotted line 
represents the extended intervastus approach for exposing the upper 
fémur. ( 'Adapted with permission from Jojima H ' Whiteside LA, Ogata K: 

Anatomie considération of nerve supply to the vastus medialis in knee surgery. 

Clin Orthop Rel Res 423:157-160, 2004.) 

is described as consisting of two portions, the vastus medialis 
obliquus and the vastus medialis longus, 7 the two cannot be 
separated from one another anatomically, and the nerves and 
arterial supply to the muscle that run in the intervals between 
the muscle fascicles are at risk of damage with any approach 
that enters the vastus medialis muscle even when splitting the 
muscle in line with its fibers. 8 Electromyographie evidence of 
partial denervation of the vastus medialis obliquus and even 
of the proximal edge of the split vastus medialis muscle tissue 
has been reported after using the mid-vastus approach to the 
knee. 9 Anatomie studies of the nerve supply to the vastus 
medialis consistently show that the main nerve supply enters 
posteriorly and sends branches that pass between the fascicles 
in the junction between the vastus medialis and intermedius, 
so these nerve branches are at risk in any approach that splits 
the vastus medialis muscle. 8,10 Careful anatomie évaluations 
of the nerve supply to the vastus medialis done on large num- 
bers of cadaver specimens show that 15% to 20% of specimens 
hâve large neural trunks within the substance of the vastus 
medialis that send branches directly into the vastus medialis 
obliquus fibers (Figs. 17-4 and 17-5). These anatomie findings 
suggest that splitting the vastus medialis obliquus from the 
main vastus medialis likely will do minor damage in most cases 
and severe damage in the 20% in which the main nerve to the 
vastus medialis obliquus enters through the center of 
the muscle. The vastus intermedius and rectus femoris 
muscles are supplied by separate nerves that corne off the 
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vastus medialis 


FIGURE î 7-4. An illustration représentative of a dissected specimen 
that had posterior innervation in the distal oblique fibers of the 
vastus medialis muscle. (Adapted with permission fromJojima H\ Whiteside LA, 
Ogata K: Anatomie considération of nerve supply to the vastus medialis in knee 
surgery. Clin Orthop Rel Res 423:157-160, 2004.) 
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vastus medialis 



Artery 


FIGURE î 7-5. An illustration représentative of a dissected specimen 
that had diffuse nerve innervation in the dissected distal oblique fibers 
of the vastus medialis. (Adapted with permission from Jojima H, Whiteside LA, 
Ogata K: Anatomie considération of nerve supply to the vastus medialis in knee 
surgery. Clin Orthop Rel Res 423:157-160, 2004.) 

fémoral nerve high and go directly into the muscle tissue, end- 
ing just above the knee. Therefore, the interval between the 
vastus medialis and the vastus intermedius virtually is devoid 
of nerve supply and can be dissected without damaging nerve 
supply to either the vastus medialis or the conjoined rectus 
femoris and vastus intermedius. 

Another advantage of the intervastus approach, splitting 
the interval between the vastus medialis and intermedius, is 
its extensibility. The incision can be extended farther proxi- 
mally to expose the distal two-thirds of the fémoral shaft 
without endangering nerve or blood supply to any of the 
muscles in the thigh, and it is far from the superficial fémoral 
artery until dissection has been extended to the upper third 
of the fémur. 8,10 

Entry into the stiff knee or the knee that has massive 
osteophytes and ligamentous and quadriceps contractures 
requires extra work other than extensile exposure through 
the intervastus interval. Whereas stripping the capsule and 
ligaments from the fémur and tibia to facilitate exposure 
might be tempting, this type of approach often devascula- 
rizes massive amounts of the bone structure, and also 
séparâtes ligaments that will be crucial for stability later. 
These knees should be exposed in a stepwise fashion. 
Removal of osteophytes, release of the fat pad from the ante- 
rior surface of the tibia, release of the anterior third of 


the quadriceps expansion into the médial tibial flare, and par¬ 
tial release of the latéral patellar retinaculum often relax the 
knee enough to allow the patella to be slipped laterally and 
the knee to be flexed to allow exposure. 

The patellar retinacular release is done by dissecting 
over the top of the patella and exposing the latéral patellar 
retinaculum. The retinaculum either can be pie-crusted, 
leaving the deep synovial tissue intact, or released longitudi- 
nally, dissecting the intracapsular vessels away from the cap- 
sular tissue and stretching the synovial membrane. This can 
be done leaving the knee joint closed so that a latéral hema- 
toma connecting with the knee joint does not form. 

In révision total knee replacement, the patellar compo- 
nent can be removed without everting the patella by using an 
oscillating saw to eut through the bone-cement interface. Also 
the tibial polyethylene component can be removed to produce 
more slack in the capsule and quadriceps mechanism, allowing 
the quadriceps and capsule to be retracted enough to enter the 
knee safely. Even after ail of these maneuvers hâve been ac- 
complished, some knees still cannot be exposed adequately 
without elongating or detaching the quadriceps mechanism. 
An attempt to stretch the quadriceps often achieves exposure 
after ail of the efforts to loosen the knee hâve failed. The knee 
is bent to full flexion and held in position for approximately 
1 minute, then flexed a little more and held again, flexed again, 
progressively continuing to flex the knee to allow the qua¬ 
driceps mechanism to stretch for 10 to 15 minutes. This 
stretching maneuver should be done only after ail the other 
conservative releases hâve been done. It should be emphasized 
that the ligaments hâve not been violated nor has the qua¬ 
driceps mechanism been transected. 

Exposure in the presence of quadriceps contracture and 
fîbrosis of the capsule and patellar tendon often requires 
additional surgical procedure as well as more subfascial expo¬ 
sure. In the few cases remaining that cannot be exposed with¬ 
out detaching the quadriceps from the knee, the quadriceps 
should be approached. The classic exposure for extensive 
intra-articular work on the knee is the quadriceps turndown, 
or V-Y plasty. 11 In this procedure, the quadriceps incision is 
extended from proximally with a latéral downward incision 
across the top of the patella and through the latéral retin¬ 
aculum to the joint (Fig. 17-6). The patella and patellar ten¬ 
don then become a distally based flap (Fig. 17-7). Excellent 
exposure can be achieved with this procedure, but extension 
lag almost always is reported in sériés that report results of 
the turndown or classic Coonse-Adams approach to the 
knee. 12 Not only does the Coonse-Adams turndown damage 
the function of the quadriceps muscle, it also commonly 
results in avascular necrosis of the patella with catastrophic 
conséquences. 13 

The more commonly used transquadriceps approach to 
the knee is the so-called quadriceps snip. 14 The standard 
incision is extended proximally along the main rectus tendon 
and then transversely into the vastus lateralis muscle and ten¬ 
don (Fig. 17-8). As the knee is flexed, the ends of the tendon 
and muscle fibers separate so that more slack is created in the 
quadriceps mechanism (Fig. 17-9). The patella can be 
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FIGURE 17-6. A dotted line outlines the quadriceps turndown 
(Coonse-Adams) approach to the knee. The standard médial 
parapatellar quadriceps-splitting approach is made, and then a latéral 
extension of the incision is made from above the patella to the 
joint line. (Adapted with permission from Whiteside LA: Surgical exposure in 
révision total knee arthroplasty. Instr Course Lect 46:221-225, 1997.) 



FIGURE 17-7. Exposure of the knee with quadriceps turndown. 
Anterior knee exposure is excellent. The patella, patellar tendon, and 
fat pad form a large, poorly vascularized, distally based flap. ( Adapted 
with permission from Whiteside LA: Surgical exposure in révision total knee 
arthroplasty. Instr Course Lect 46:221-225, 1997.) 

retracted laterally more easily, and complications with this 
procedure are few. Normal réhabilitation can be prescribed, 
and splinting usually is not necessary. Because this procedure 
requires proximal extension along the quadriceps tendon in 
the middle of the tendon, it cannot be used when a more 
médial approach has been made, such as the vastus medialis 
splitting or subvastus approach. It also is not useful in the 
intervastus approach when the interval between the vastus 
medialis and entire vastus intermedius-rectus femoris com- 
bined mechanism is taken for exposure, and it does not allow 
adéquate exposure in cases such as fibrous ankylosis or fusion 


FIGURE 17-8. A dotted line outlines the "quadriceps snip" for 
exposure of the knee. The quadriceps tendon is split in the initial 
approach. To gain further exposure, the remaining portion of the 
tendon is eut and the incision is allowed to extend farther into the 
vastus lateralis. (Adapted with permission from Whiteside LA: Surgical exposure 
in révision total knee arthroplasty. Instr Course Lect 46:221-225, 1997.) 



FIGURE 17-9. Exposure of the knee with the quadriceps snip approach. 
The entire quadriceps, exceptfora portion of the vastus lateralis, has been 
transected. (Adapted with permission from Whiteside LA: Surgical exposure in 
révision total knee arthroplasty. Instr Course Lect 46:221-225, 1997.) 

of the knee. Most cases in which quadriceps snip is contem- 
plated probably can be treated instead by debriding the knee 
of anterior scar tissue and stretching the quadriceps as 
described above. 

TIBIAL TUBERCLE OSTEOTOMY 

Osteotomy of the tibial tubercle for extensile exposure into the 
knee is especially effective when exposure to the entire knee is 
required as in most révision cases with generalized fîbrosis or 
patella baja. 15-17 This approach is the only one that is effective 
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FIGURE 17-10. Exposure of the knee with tibial tubercle osteotomy. 
(A) Dotted line outlines the route of the incision used with tibial tubercle 
osteotomy. The incision can be placed medially to the main quadriceps 
tendon, and can be allowed to extend proximally between the vastus 
medialis and rectus femoris. The osteotomy is made from the médial 
side to maintain the latéral soft tissue hinge. (B) Dotted line outlines the 
tibial tubercle osteotomy. The distal portion of the osteotomy is made 
with a saw, and the médial, superior, and latéral portions are made with 
a curved osteotome. Latéral soft tissue attachments are left intact. 
(Adapted with permission from Whiteside LA: Surgical exposure in révision total 
knee arthroplasty. Instr Course Lect 46:221-225, 1997.) 

for extensile exposure when the preliminary exposure has been 
through the sub vastus, mid-vastus, or intervas tus interval. This 
procedure offers the most extensive exposure of the knee in 
patients with severe quadriceps contracture and is especially 
useful in patients with fibrous ankylosis and with takedowns of 
knee fusion (Fig. 17-1 OA). A flap 4 to 8 cm long measured from 
the top of the tibial tubercle is elevated through a médial osteot¬ 
omy that is carried transversely under the tubercle through the 
latéral cortex, leaving the soft tissue attachments to the tibial 
tubercle intact (Fig. 17-105). The stress riser effect of the 
osteotomy is minimized by making an oblique saw eut at the dis¬ 
tal end of the osteotomized segment. The distal osteotomy is 
carried along the médial cortex of the tibial tubercle using the 
oscillating saw and carried across the top of the tubercle with a 
curved osteotome. The latéral attachments of the muscles and 
the periosteum are left intact and still attached to the tibial 
tubercle. This is achieved by passing a curved osteotome 
through the médial osteotomy in the tibial tubercle and crack- 
ing through the latéral cortex so that the soft tissues are not 
stripped from the tubercle. The soft tissue attachments between 
the fat pad and the anterior tibia must be severed, and a small 
amount of the antérolatéral capsule attachment to the tibia must 
be released to allow the quadriceps mechanism to turn laterally. 
When there is dense contracture of the quadriceps group, an 
extended incision proximally is necessary. 

When the tibial tubercle osteotomy is used for exposure 
of the knee, it is not necessary to transect the main rectus 
tendon. Instead, a proximal incision is allowed to follow the 
interval between the vastus medialis fibers and the fibers of the 
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FIGURE 17-11. Quadriceps exposure. (A) Interval between the vastus 
intermedius and vastus medialis is split and the periosteum is incised with 
minimal élévation. Multiple holes are drilled with a I-inch drill bit passing 
through the muscle, leaving it attached to the anterior bone flap. (B) A 
saw is used to complété the osteotomy along the superior, médial, 
and distal ends of the bone flap, and a ^-inch osteotome is passed 
through the vastus lateralis muscle to crack through the latéral cortex. 
The flap is elevated, leaving the soft-tissue attachments intact. 

vastus intermedius and rectus femoris (Fig. 17-11). Nerves 
and blood supply to the vastus medialis enter from the posterior 
edge whereas those to the rectus femoris and vastus intermedius 
enter the muscles anteriorly and from above, so that this incision 
does not compromise healing and function of the muscles. 
Often the quadriceps mechanism is tightly adhèrent to the ante¬ 
rior aspect of the fémur and must be dissected carefully from the 
bone to allow the quadriceps to be turned laterally. However, it 
is not necessary to transect any of the quadriceps muscle or ten¬ 
don. Latéral soft tissue attachments of the tibial tubercle allow 
the bone flap to turn laterally while maintaining its blood sup¬ 
ply. These fibers also maintain attachment of the bone fragment 
and prevent its proximal migration. 

Careful reattachment of the tibial tubercle osteotomy 
fragment will avoid fracture of the proximal pôle of the osteo¬ 
tomized piece and pull-off of the attachment. Because the lat¬ 
éral soft tissue hinge has been left intact, the latéral edge does 
not need to be fixed in most cases. However, in cases in which 
the tibial tubercle has pulled loose from its soft tissue attach¬ 
ments, a cable through the latéral cortex of the tibia and the 
médial edge of the tibial tubercle will hold the tubercle in the 
bed as the médial cables are placed. The cables are tensioned 
sequentially until the médial edge of the tubercle is held firmly 
in its bone bed. Finger pressure on the tubercle fragment 
should not cause détectable motion when this repair is com- 
pleted. If screws were to be used to reattach the fragment, they 
would be placed through the central or médial aspect of the 
fragment to be effective. Drill holes in this area significantly 
weaken the bone fragment and often cause fracture. 18 The 
proximal screw hole, placed in the soft cancellous bone of the 
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tubercle, is especially vulnérable to fracture. A severe extension 
lag can resuit if a fracture occurs through the proximal pôle, 
and surgical repair is difficult. Fixation of the tibial tubercle 
with cables or wires, however, is highly effective and is safe 
from fracture. The drill holes are placed along the latéral edge 
of the tibial tubercle using a |-inch drill bit, and the same drill 
bit is angled distally 30 to 45 degrees and passed through the 
médial cortex of the tibia anterior to the stem of the tibial 
component. This usually is just around the corner of the 
médial edge of the tibia, so subcutaneous dissection must 
be done to expose the drill bit as it passes through the bone. 
A convenient way to retrieve the end of the cable as it passes 
through the médial cortex of the tibia is to place a needle 
holder into the area, drill through the bone, and then grasp 
the drill with the needle holder. Then the needle holder is held 
open while the drill bit is removed and the cable is passed 
through the tibial tubercle and through the médial cortex of 
the tibia and out into the soft tissue. The tip of the cable is 
grasped with the needle holder and pulled anteriorly. The 
cable is tightened securely, holding the tibial tubercle distally 
and medially into the bone bed. When the latéral soft tissues 
hâve been disrupted, a latéral cable is inserted first. The drill 
bit is inserted through the médial edge of the tibial tubercle 
fragment and passed through the latéral tibial cortex. The lat¬ 
éral cable is tightened first to moderate tension, and then the 
two or three médial cables are placed. Then ail cables are tight¬ 
ened to snug the tibial tubercle down into the bone bed. Cable 
fixation usually gives rigid hold on the tibial tubercle, but wires 
tend to allow some visible motion with flexion and extension of 
the knee. Healing occurs in virtually ail cases of tibial tubercle 
repair unless technical error has occurred in its fixation. 

Fracture of the proximal pôle of the tubercle has not 
occurred in more than 200 surgical exposures using this tech¬ 
nique, and only minimal clinically significant slippage of the 
tibial tubercle has occurred in a few cases. 15-17 Fracture of the 
tibia has occurred, however, and is associated with tibial tuber¬ 
cle bone fragment that is longer than 4 cm. 15-17,19 When a short 
stem is used on the tibial component, the tibial tubercle oste- 
otomy causes concentration of stresses in the anterior cortex 
of the tibia, and increases the risk of fracture. However, an oste- 
otomy fragment can fracture if it is too short. 18 The tubercle 
segment measuring about 4 cm is recommended in cases with 
a short stem and then the tibia should be protected postop- 
eratively until firm healing has occurred, usually 6 to 8 weeks. 

When infection is présent, or on rare occasions in which 
long stems hâve been cemented into the fémur and the tibia, 
intraosseous exposure must be achieved to remove the implants 
and to débridé thoroughly. Anterior exposure of the distal meta- 
physis of the fémur may be achieved easily through the quadri- 
ceps approach described earlier. Once the interval between the 
vastus medialis and intermedius has been dissected down to the 
fémur, a saw eut is made through the médial fémoral cortex. A 
transverse osteotomy is made across the anterior aspect of the 
fémur proximally above the proximal extent of the cernent man¬ 
de, if possible, and another distally just above the flange of the 
fémoral component. Then multiple drill holes are made through 
the latéral metaphyseal cortex, passing the drill bit through the 


vastus lateralis and leaving the muscle attached to the anterior 
bone flap. A curved ^-inch osteotome then is passed repeatedly 
through the vastus lateralis and into the latéral fémoral cor¬ 
tex. Next, a curved ^-inch osteotome is used to pass through 
the vastus lateralis muscle and finally crack through the lat¬ 
éral cortex, leaving the anterior bone fragment still attached 
to the vastus intermedius. This approach ensures that much of 
the blood supply of the bone flap is maintained. This direct 
approach to the cemented stem allows safe removal of the 
implant and thorough debridement of the bone. The bone then 
is repaired by placing the removed segment in its original bed 
and passing circumferential cables around the fémur, through 
the muscle attachments to the bone flap, and then tightening 
down the cables to reconstruct the cylindrical shape of the fémur. 

Extended intraosseous tibial exposure can be achieved 
through the tibial tubercle osteotomy, and through extensions 
of this osteotomy distally. The bone flaps for the extended tibial 
osteotomy first are outlined with a f-inch drill bit along the 
médial aspect of the tibia, leaving intact the periosteal attach¬ 
ments and the latéral muscular attachments to the anterior tibial 
cortex (Fig. 17-12). Drill holes with a ^-inch drill bit are made 
through the latéral cortex and the muscle and periosteal attach¬ 
ments to the anterior tibial bone flap. The flap then is elevated 
by cutting the médial and distal extremes of the osteotomy with 
an oscillating saw, and then passing a curved f-inch osteotome 
through the tibialis anterior muscle attachments, down to the 
latéral tibial cortex to eut through the latéral edge of the bone 
flap, leaving the soft tissue attachments intact (Fig. 17-13). 

Cable repair of the tibial tubercle back into its bed is gen- 
erally very effective, but the extension of the osteotomy distally 
créâtes bone flaps that may be difficult to repair using cables. 



FIGURE 17-12. The extended tibial osteotomy is outlined with %- 
inch drill holes, leaving the periosteum and muscle attached to the 
flap. The médial and distal portion of this osteotomy will be 
completed with an oscillating saw. 
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FIGURE 17-13. The extended osteotomy flap is turned laterally, 
leaving the muscle and periosteum attached to the bone flap. 


generally is too thin to accept intraosseous fixation of the bone 
flap. 

In cases with anterior and médial capsular déficit or loss of 
the patellar tendon, augmented soft tissue closure often is 
needed. The médial gastrocnemius muscle belly and its 
extended tendon make a convenient and effective vascularized 
flap that can be exposed by extending the incision distally to 
the ankle (Fig. 17-15). Subfascial dissection is done to form a 
médial flap that contains the saphenous nerve and vein. This 
plane can be dissected over the top of the gastrocsoleus group 
to expose the médian raphe of the gastrocnemius and its exten¬ 
sion into the gastrocsoleus tendon. As the muscle tendon flap 
is brought medially over the pes anserinus, and médial knee 
ligaments, it cornes into close proximity to the saphenous 
nerve, which crosses into the subcutaneous tissue of the leg just 
above the sartorius muscle. This area must be carefully 
dissected and preserved to avoid damage to the cutaneous sen- 
sory innervation of the foot. 

The médial half of the gastrocnemius muscle is elevated by 
blunt dissection from the soleus, and the tendinous portion is 
lifted from the Achilles tendon by firm blunt dissection and 
eut off with as much tendinous tissue as is deemed necessary 
to close the capsular defect in the knee (Fig. 17-16). More 


Repair of this distal portion of the osteotomy usually is done after 
the stem has been inserted into the tibia. The bone fragments are 
placed back into the bone bed and held in place with multiple 
absorbable sutures passed through the periosteum (Fig. 17-14). 
Cables and screws are ineffective because the stem fits so tightly 
in the diaphysis of the tibia, and because the tibial bone stock 
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FIGURE 17-14. The tubercle osteotomy is closed with cables, and the 
extended tibial osteotomy is closed with absorbable sutures through 
the periosteum. Inset, Detail of the attachment crimp and cable. 


FIGURE 17-15. Exposure of the médial gastrocnemius muscle and 
tendon can be achieved by extending the incision distally to the ankle. 
The subfascial interval is dissected from above the pes anserinus 
distally. Care must be taken to avoid damaging the saphenous nerve, 
which passes through the fascia into the subcutaneous tissue just 
above the sartorius tendon. 
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FIGURE 17-16. The médial half of the gastrocnemius muscle is 
elevated along with a portion ofits tendon. This muscle is dissected bluntly 
above the joint, taking care not to damage its neurovascular pedicle. 

usually is better than less in these cases. The médial half of 
the muscle is dissected from the latéral half with a combina¬ 
tion of blunt and sharp dissection, and this dissection is 
carried up to the proximal end of the muscle where the neuro¬ 
vascular pedicle enters. The muscle flap then can be swung 
medially and positioned over the capsular defect (Fig. 17-17). 
The gastrocnemius flap passes under the saphenous nerve as 
it passes through the deep fascia into the subcutaneous tissue 
of the leg. 



SUMMARY/CONCLUSION 

Exposure is a crucial step for managing the challenges of 
révision TKA. Full exposure is essential to accomplish the 
intricate bone and ligament work needed in many of these 
patients. Careful dissection and attention to landmarks can 
ensure exposure that optimizes blood flow and maintains 
nerve pathways. When extensive measures are needed to gain 
access to the joint and to restore knee function, many options 
are available to the surgeon as described in this chapter. 
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FIGURE 17-17. The médial gastrocnemius flap is sutured into the 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: This chapter is aimed at giving the orthopédie surgeon an overview of how to approach the removal of the well-fixed 
components of a cemented or press-fit total knee arthroplasty. The aim is to accomplish removal of the components with the least amount of 
bone loss to provide as much support for the révision implants as possible. Many times these techniques involve patience on the surgeon's 
part so as to optimize the situation for the révision setting. 

IMPORTANT POINTS: 

1. The goal in implant removal is to leave as much bone stock as possible for the révision procedure. 

2. Working at the implant-cement interface is the key to achieving this goal. 

CLINICAL/SURGICAL PEARLS: 

1. Work at the implant-cement interface to preserve bone stock. 

2. Use thin-bladed single-bevel osteotomes or thin sagittal saw blades. 

3. The posterior aspects and intercondylar région of the fémoral component are best approached with an offset osteotome. 

4. Hâve a métal cutting tool available if normal techniques do not achieve the goal of removal. 

5. Cemented stems may be difficult and require cortical Windows or osteotomy to achieve implant removal with minimal insult to the bon 
integrity. 

6. Stacking of osteotomes allows for broader distributed forces against the bone to prevent defects or fractures from occurring. 

CLINICAL/SURGICAL PITFALLS: 

1. Do not attempt to pry implants off of bone since this can cause significant bone loss or fracture. 

2. Not knowing the geometry of the metaphyseal aspects of the implant can cause destruction of instruments or loss of bone when fixation 
around pegs and keels is not properly addressed. 

VIDEO AVAILABLE: 

1. Cemented fémoral component removal 

2. Cemented tibial component removal 

3. Cemented patellar button removal 

4. Cementless metal-backed patellar component removal 

5. Cemented tibial stem removal 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Total knee arthroplasty (TKA) boasts one of the highest 
patient satisfaction ratings of ail orthopaedic procedures. 
Satisfaction rates hâve been estimated to be as high as 90% 
to 95% as a resuit of the decreased pain and improved func- 
tion, which resuit in an improved quality of life. 1—3 The num- 
ber of total knee replacements performed annually in the 
United States continues to grow and was estimated at 


400,000 in 2003. 4 This number is expected to increase as the 
average âge in the United States continues to rise and as 
the number of indications for joint replacements in younger 
patients continues to expand. 

Despite significant improvements in biomaterials, pros- 
thetic design, and surgical technique, prosthetic knees hâve 
a limited life span. While early failures are often attributable 
to infection, improper surgical technique or poor prosthetic 
design: late failures are more commonly caused by 
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polyethylene wear, aseptie loosening, and osteolysis. 5 Rand 
found the 15 -year survivability of primary total knee replace¬ 
ments to be 84%. 6 The combination of an aging population, 
implants with a finite life span, and presence of new indi¬ 
cations for TKAs in younger patients results in a growing 
need for optimizing surgical techniques and longevity of 
these implants. 

When compared with primary TKA, révision TKA is 
associated with a much wider variety of problems and poten- 
tial complications. Successful implantation of a new stable 
and durable prosthesis requires adéquate exposure, removal 
of components with minimal bone loss, restoration of the 
joint line, correct anatomie alignment, and balancing of the 
flexion/extension gaps. A preoperative plan that systemically 
évaluâtes each step in révision surgery is essential in attempt 
to foresee and hopefully prevent potential intraoperative 
problems. Component removal is a critical step in révision 
TKA. Removal of implants and cernent while preserving 
bone stock and the extensor mechanism of the knee is time 
consuming and technically demanding to even the experi- 
enced surgeon. The goal of this report is to discuss the tech¬ 
niques of révision arthroplasty with emphasis on safe, 
effectuai removal of implants so as to optimize the quality 
of the reimplantation and thereby maximize the longevity 
of the révision and patients’ quality of life. 

INDICATIONS/CONTRAINDICATIONS 

Preoperative planning is essential to a successful outcome 
with révision TKA. Indications for revising a TKA include 
unstable prosthesis after trauma, pain secondary to malalign- 
ment, and infection into the joint. Contraindications to a 
complété révision include inadéquate bone stock, unresolved 
infection, and tumor requiring wide surgical resection. 

A particularly deleterious cause of failure of a primary 
TKA is infection, which emphasizes the need for a compré¬ 
hensive history and physical before revising. Excluding 
infection must include inquiry about wound healing prob¬ 
lems or prolonged drainage from the knee with previous 
operations. Patients taking immunosuppressive médications 
or with a history of diabètes are also at greater risk for 
infection (Table 18-1). Preoperative laboratories including 
complété blood count with differential, érythrocyte sédi¬ 
mentation rate, and C-reactive protein are performed in 


TABLE 18-1 Risk Factors for Wound Complications 

• Rheumatoid arthritis 

• Steroid use 

• Immunosuppression 

• Malnutrition: 

Preoperative lymphocyte count <1500 cells/mm 3 
Preoperative albumin <3.5 

• Peripheral vascular disease 

• Multiple prior scars 

• Prolonged tourniquet times 


ail patients to help exclude infection. Knee aspiration with 
synovial fluid assay, Gram stain, and culture should be per¬ 
formed if there is any suspicion of infection. Likewise, 
assessment of the patient’s nutritional status is also essential 
as malnutrition is associated with poor wound healing and 
subséquent infection. Patients with an albumin level less 
than 3.5 and an absolute lymphocyte count less than 1500 
cells/mm 3 are at fîve to seven times the risk of having 
wound complications. 7 

A complété past medical history is also impérative to 
help identify comorbidities such as diabètes, rheumatoid 
arthritis, peripheral vascular disease, or immunosuppressive 
drugs that may prédisposé a patient to complications. A his¬ 
tory of a transient, postoperative foot drop associated with a 
neuropraxia should alert the physician of risks for nerve 
injury, especially in the presence of a valgus deformity. Like¬ 
wise, a patient who relays a history of postoperative difficulty 
with leg extension and is found to hâve an extensor lag or 
quadriceps weakness may be at risk for complications sec¬ 
ondary to a compromised extensor mechanism of the knee. 
Patients with less than 90 degrees of flexion hâve a con- 
tracted extensor mechanism and those patients with less than 
60 degrees flexion typically required an extensile exposure 
during révision TKA. 8 Examining the shape and location of 
scars, limb alignment, and knee stability is an essential part 
of the preoperative évaluation. Some physicians advocate 
the use of a “sham incision” in patients at risk for problems 
with wound necrosis. 

In addition to the history and physical examination, 
sequential, chronologie plain radiographs play an intégral 
rôle in determining the mode of failure. Radiographs should 
be evaluated for component alignment, signs of progressive 
loosening, osteolysis, broken cernent mande, or hétérotopie 
ossification. Bone scans may also be used to help diagnose 
infection, loosening, and occult fractures. It is also essential 
to obtain previous operative reports in an attempt to identify 
the size, model, and manufacturer of previous components 
such that sales représentatives may be contacted to assist dur¬ 
ing implant removal and to ensure that the appropriate 
extraction tools are acquired preoperatively. 

SURGICAL TECHNIQUE 
Obtaining Optimal Exposure 

The goal of exposure during révision TKA is to provide adé¬ 
quate visualization such that implants and cernent may be 
removed safely while preserving the structural integrity of 
the knee. Every effort is made to protect ligaments and pré¬ 
serve bone stock. Révision surgery generally requires a larger 
exposure due to the presence of thick, nonresilient scar tissue 
and a contracted inelastic extensor mechanism. The surgeon 
must lower his or her threshold for performing extensile 
approaches as controlled damage (tibial tubercle osteotomy 
[TTO]) is far more favorable to repair than uncontrolled 
damage (patellar tendon avulsion) in already compromised 
tissues. It is impérative that throughout the exposure a 
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well-vascularized épithélial and soft tissue envelope be main- 
tained to help prevent infection. The surgical exposure is 
divided into three sépara te steps: superficial soft tissue dis¬ 
section, capsular incision, and extensile exposures. 

When dealing with the multioperated knee, several 
scars in various orientations are frequently présent. Using 
the most latéral, vertically oriented incision best préserves 
the vascularity of skin flaps as the majority of the perforat- 
ing arteries originate on the médial aspect of the knee from 
the saphenous and descending geniculate arteries. 9 Skin 
flaps are kept full thickness and médial and latéral dissec¬ 
tion is kept in the subfascial plane to minimize injury to 
the anastomosis of vessels lying superficial to the fascia. 10 
Proper soft tissue technique is important to minimize addi- 
tional trauma to the délicate vascular supply of the skin. 
Sharp dissection is favored until the subfascial plane is 
entered. Atraumatic forceps and the avoidance of excessive 
skin retraction help avoid crush injuries to the soft tissues 
during exposure. In addition, early removal of the polyeth- 
ylene spacer, as well as hyperflexing the knee and externally 
rotating the leg during tibial préparation, decreases tension 
on the soft tissues. 

Following the superficial dissection and exposure of 
the extensor mechanism, a primary-style standard médial 
parapatellar arthrotomy (Fig. 18-1) is typically used to enter 
the joint. 



FIGURE 18—1 - Standard médial parapatellar approach. 


Pearls and Pitfalls 

We do not recommend using a subvastus approach in the 
setting of a révision TKA unless the surgeon is prepared to 
perform a TTO to achieve adéquate exposure. Likewise, we 
believe that antérolatéral approaches are rarely indicated in 
révision TKA due to the difficulty in mobilizing the patella 
medially. However, in rare instances, a latéral parapatellar 
arthrotomy may be useful for the severely deformed, valgus 
knee as this exposure may dually function as a latéral release. 

Following the arthrotomy, a sériés of soft tissue releases 
are performed with the purpose of increasing knee flexion. 
Generally, knee flexion must approach 110 degrees to evert 
the patella and gain adéquate exposure. 11 Adhesions from the 
médial and latéral gutters are released and a thorough synovect- 
omy may be performed. The challenge for the surgeon is to pro- 
tect the extensor mechanism, ligamentous structures, and 
osseous integrity of the knee while working on osteoporotic, 
stress-shielded bone in a scarred soft tissue bed. Peripatellar scar 
tissue is excised and patella tendon adhesions are released down 
to the superior border of the tibial tubercle. Quadriceps adhe¬ 
sions are also lysed exposing the underlying tenosynovium of 
the quadriceps and the distal anterior fémur. Patellar mobility 
may be improved with release of the patellofemoral ligament 
from its condylar origin. The surgeon should also consider a lat¬ 
éral release if there continues to be significant tension on the 
patella tendon insertion. In the knee with a varus deformity a 
complété médial tibial release may be bénéficiai. To accomplish 
this, the assistant externally rotâtes the leg while the pes anserine 
and superficial MCL insertions are elevated as a flap, continuing 
postermedially to include the semimembranosus insertion. 
Once ail possible releases hâve safely been performed, the knee 
should be flexed up and the patella everted without placing 
undue tension on the insertion of the patella tendon. The pub- 
lished success of individual surgeon’s ability to mobilize the 
extensor mechanism with soft tissue releases alone varies 
dramatically. Sharkey et al. 12 recently published their results 
with extensor mechanism tenolysis and was noted to require 
only two V-Y turndowns and two patellectomies in 207 total 
knee révisions. In contrast, Barrack et al. and Rorabeck and 
Smith required extensile exposures in 49% 13 and in 48% 14 of 
their révision cases, respectively. 

In the event that significant tension remains on the 
patella tendon, extensile exposures should aggressively be 
used rather than risking avulsion of the tendon. The three 
most classic techniques are the quadriceps snip, the V-Y 
patella turndown, and the TTO. Each of these techniques 
is associated with varying degrees of morbidity and each 
technique has its own benefits and potential complications. 

The quadriceps snip is an extremely useful technique we 
use to achieve additional exposure. After making the standard 
médial parapatellar arthrotomy, the superior aspect of the 
incision is extended laterally across the quadriceps tendon 
(Fig. 18-2 A). If additional exposure is needed, the release may 
be extended obliquely into the vastus lateralis (Fig. 18-25). 
The rectus snip is a favorable procedure because it is relatively 
simple to perform and, compared to the standard médial 
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FIGURE 18-2. (A) Rectus or quadriceps snip. (B) Modified rectus snip extended proximally through vastus lateralis. 
(C) Modified rectus snip to facilitate potential conversion to V-Y turndown. 


parapatellar arthrotomy, there is no différence in quad 
strength 15 or knee range of motion 16 postoperatively. However, 
in those knees in which the extensor mechanism is particularly 
contracted, the traditional rectus snip may not provide sufficient 
exposure. Anew modification of the rectus snip extends the inci¬ 
sion both distally and laterally (Fig. 18-2 C) such that it may be 
converted to a V-Y turndown if necessary. 

The V-Y patella turndown was originally described by 
Coonse and Adams 17 and subsequently modified by Insall. 18 
Starting at the superior end of the médial parapatellar inci¬ 
sion, the eut is extended distally and laterally at a 45-degree 
angle, creating a distally based flap. The incision extends 
through the latéral retinaculum, allowing both distal and lat¬ 
éral retraction of the patella (Fig. 18-3T). Although this 
technique allows excellent exposure to the knee joint and 
typically improves postoperative range of motion in the stiff 
knee, the procedure does hâve disadvantages. Following a 
V-Y turndown, patients frequently lose quad strength, which 
manifests in an extensor lag. 19 In addition, there is potential 
for the development of AVN in the patella. 20 Scott and 
Siliski 21 hâve since modified the procedure by extending 
the latéral limb through the junction of the vastus lateralis 
and the retinaculum, thus avoiding the superior latéral genic- 
ulate artery (Fig. 18-35). In theory, this may decrease the 
incidence of patella AVN and the complications associated 
with this. 


The TTO was originally reported by Dolin 22 and later 
modified by Whiteside. 23 This technique provides optimal 
exposure for the removal of tibial components, has a low inci¬ 
dence of extensor lag, and does not jeopardize the vascularity 
of the patella. The disadvantages of this procedure compared 
with a V-Y turndown are that it is technically more demand- 
ing to perform, range of motion in the stiff knee is less signifi- 
cantly improved, local tenderness is common, and there are a 
number of potential complications (Table 18-2). TTO is 
contraindicated in patients with severely ostéopénie bone, sig- 
nificant osteolysis, and atrophie skin over the tibial crest. 24 

TTO is particularly useful in révision surgery when one 
is required to remove well-fixed tibial implants, especially if 
they involve a long stem. We use a standard médial parapa¬ 
tellar arthrotomy, although a subvastus approach is also 
amenable to performing a TTO. The incision is extended 6 
to 8 cm inferior of the tibial tubercle. Depending on the 
length of the tibial component (stem), we are removing we 
choose the length of our bone flap. 

Pearls and Pitfalls 

We typically raise a 6 x 2 x 1 -cm osseous flap for ail implants 
without a long stem but will raise bony flaps as long as 10 cm 
if needed to remove a long stem. The longer the osseous flap, 
the greater is the risk of tibial shaft fracture, and the shorter 
the flap, the greater is the risk of fixation complications. 25 
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FIGURE 18-3. (A) V-Y or patellar turndown. (B) Modification of a V-Y 
turndown that extends a rectus snip and préserves the latéral 
geniculate blood supply to the patella. 


TABLE 18-2 Complications Associated With Tibial 
Tubercle Osteotomy 

• Tibial tubercle fracture 

• Tibial metaphyseal/diaphyseal fracture 

• Proximal migration tibial tubercle —► extensor lag 

• Delayed wound healing 

• Nonunion/fibrous union 

• Local tenderness 


The osteotomy is made with either an osteotome or 
oscillating saw through the médial cortex, leaving the latéral 
periosteum and soft tissues envelope intact. The risk of tibial 
shaft fracture is decreased by making an oblique or beveled 
eut distally (Fig. 18-4). The anteroposterior thickness should 
equal the entire cortical thickness to provide adéquate visual- 
ization and help decrease the risk of tubercle fragmentation. 
Fixation may be performed with either screws or cerclage 
wires. 

Pearls and Pitfalls 

We prefer to use two to four 18-gauge cerclage wires, which 
are placed around the tibial stem and the bone block before 
fully seating the tibial component. Tibial stems should 
bypass the distal aspect of the TTO by at least two cortical 
diameters to decrease the risk of tibial shaft fracture. 


FIGURE 18-4. Tibial tubercle osteotomy. (A) A small sagittal saw blade 
is utilized to make the tubercle osteotomy typically 6 cm or greater 
from the superior edge of the tubercle. At the superior edge a notch is 
created with an osteotome to provide a block to superior migration. (B) 
the latéral edge of the bone is then perforated with drill holes and a 
broad osteotome used to control the eversion of the tubercle leaving the 
latéral soft tissue sleeve attached for further stability after repair with 
cerclage wires or screw fixation if stem intereference is not an issue. 

COMPONENT REMOVAL 

Removal of implants during révision total knee surgery is 
technically demanding and the most time-consuming step 
of the case. A thorough preoperative plan includes many of 
points mentioned earlier inclusive of the prosthesis type 
and appropriate removal instrumentation. Basic extraction 
tools are listed (Table 18-3) and should be immediately avail- 
able for ail révision cases. The process of component removal 
is made more challenging when attempting to extract long, 
well-fixed stems. Similar to the fémoral components in total 
hip arthroplasty, these stems may be fixated with either 
press-fît or cementing technique. Fortunately, many of the 
principles learned from component removal during révision 
total hip arthroplasty may be applied to the révision knee. 

The first basic tenet of component removal is circumferen- 
tial, 360-degree exposure of the component, which has been 


TABLE 18-3 Extraction Tools 

• Product-specific extraction tools 

• Osteotomes (flexible/rigid) 

• Gigli saw 

• Moreland instruments 

• Midas Rex (high-speed cutting device with acorn tip) 

• Vice grip 
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described earlier. Components are removed by working at the 
interfaces to minimize bone loss. When removing cemented 
implants, it is critical that the cement-prosthesis interface be 
defined early and used as the plane of dissection. 26 During 
removal of press-fit components, spécial care must be taken to 
avoid inadvertent removal of host bone as tools tend to stray into 
the soft, stress shielded bone. The final principle is to ensure that 
components are circumferentially released before their extrac¬ 
tion. Hence, if an implant is not coming out with ease, the inter¬ 
faces should be revisited to ensure that ail areas were released. 

When removing implants during révision surgery, after 
removing the polyethylene liner, we generally begin with 
removal of the fémoral component, thereby creating additional 
space for removal of the tibial component. The patellar compo¬ 
nent may be removed at any stage of the procedure if necessary. 

Cemented Fémoral Components 

It is the rare occurrence that the fémoral component is loose, 
allowing for quick removal. Aggressive attempts to remove a 
well-fixed implant without adéquate disruption of the cement- 
prosthesis interface risks fémoral shaft fracture, condyle frac¬ 
ture, and almost certainly avulsion of valuable bone stock. 

After adéquate exposure of the distal fémur is obtained, 
extraction of the well-fixed fémoral component begins by 
clearly defining the cement-prosthesis interface. Osteophytes 
and peripheral cernent are removed using a rongeur, osteotome, 
or Midas Rex. We hâve found that the Midas Rex is particularly 
useful for the safe removal of excess cernent while trying to 
define interfaces. Several techniques hâve been developed for 
the removal of fémoral implants, ail of which use the cement- 
prosthesis interface in attempt to avoid loss of bone stock. 

Narrow thin-bladed osteotomes are typically our first 
tool of choice. The osteotome is driven into the interface 
with well-controlled blows. 

Pearls and Pitfalls 

We recommend circumferentially releasing the periphery of 
any surface and then working systematically towards its center 
releasing each side in small incréments. Rigid osteotomes pro¬ 
vide the most control and are particularly useful for the initial 
disruption of the peripheral cement-prosthesis interface. Spé¬ 
cial care should be taken to avoid excessive levering on the 
osteotome as this will impact the soft bone at the periphery 
of the distal fémur; the more thick and rigid the osteotome, 
the greater is the risk of impacting the peripheral bone. 

Flexible osteotomes are also excellent tools and help avoid 
impaction injury to the periphery. We typically use flexible 
osteotomes to disrupt the central portions of the cement-pros¬ 
thesis interface. While working beneath central portions of the 
implant, visualization is difficult yet it is essential that the dissec¬ 
tion remain in the correct plane. Angling the flexible instrument 
toward the métal prosthesis will help prevent the tip from stray- 
ing through the cernent and into the soft bone. Straight osteo¬ 
tomes work well on the anterior and posterior flanges and also 
on the outer portion of the médial and latéral condylar “run¬ 
ners.” Accessing the latéral border of the prosthesis may be 


challenging in knees that do not require an extensile exposure, 
and we frequently make a latéral retinacular window in those 
cases to improve visualization. Regardless of exposure, the lat¬ 
éral aspect of the médial runner and the médial aspect of the lat¬ 
éral runner can be difficult to access. An angled osteotome 
allows the surgeon to work from the “inside out” in components 
lacking a central housing (posterior cruciate ligament sparing). 
If implants with a central housing do not corne out easily after 
releasing ail available surfaces, it may be necessary to use a métal 
cutting instrument, exposing the inner interfaces of the runners 
allowing the use of an angled osteotome as just described. 27 
While releasing the distal fémur, it is also important to remem- 
ber that many components hâve fixation lugs, which can make 
full release more challenging. 

Gigli saws are another effective tool that can be used to 
disrupt the cement-prosthesis interface. Their use is limited 
to the anterior and posterior flanges in implants with lugs or 
a central housing. The final release of these implants is typi¬ 
cally completed with an osteotome as previously described. 
When using a Gigli saw, the surgeon must use considérable 
care to avoid skiving off the implant into host bone. 

Pearls and Pitfalls 

We will frequently use an osteotome to initially establish the 
bone-prosthesis interface and then direct the pull of the saw 
blade away from bone and toward the métal prosthesis. 

The saw is inserted behind the anterior flange, and we then 
carefully exert an anterior and distally directed force. Typically, 
the saw blade will break and is easily removed if fixation lugs or 
the central housing is contacted. Releasing the posterior flange 
with the Gigli saw is more challenging and requires excellent 
exposure. Exposure for the starting eut is aided by removing 
the polyethylene liner and flexing the knee 90 degrees. A poste¬ 
rior and distally directed force is exerted and care again taken to 
avoid exiting the cement-prosthesis interface. 

Once ail surfaces of the prosthesis appear loose, an 
extraction device or punch may be used to remove the com¬ 
ponent. When the cement-prosthesis interface is entirely 
disrupted, minimal force is required during this step. If the 
component does not corne out easily, areas that are typically 
difficult to release such as the posterior flanges and inner 
runners should be revisited rather than using excessive force. 
Foliowing successful removal of the implant, the remaining 
cernent is carefully removed with either a Midas Rex or 
osteotomes. The Midas Rex and other high-speed burrs are 
particularly useful for removing cernent that is well bonded 
to bone, whereas hand-controlled osteotomes are a safe and 
efficient means of removing poorly bonded cernent. 27 If 
available, ultrasonic instruments provide a safe mean of 
removing cernent without injuring the adjacent bone. 28 

Cemented Tibial Components 

Exposure for the removal of the tibial component is dramat- 
ically increased by first removing the polyethylene spacer 
(modular Systems) and then removing the fémoral compo¬ 
nent. The tibia is translated anteriorly and the leg is 
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externally rotated providing excellent visualization. A 360- 
degree circumferential exposure of the tibial tray is necessary 
for the safe removal. As always, the extensor mechanism is 
protected and care is taken to avoid placing excess tension 
on the patella tendon insertion. 

As described earlier, tibial implants are safely removed 
by disrupting the cement-prosthesis interface. This dissec¬ 
tion may be accomplished with osteotomes, oscillating saws, 
or ultrasonic instruments. 29 Regardless of the instruments 
used, dissection is generally performed in the médial to lat¬ 
éral direction. Again, a latéral retinacular window can be 
used to provide access to the latéral aspect of the component 
if a more extensile exposure is not required. When removing 
tibial implants with keels or stems, the instruments are typi- 
cally directed anteriorly or posteriorly around the obstacle. 
Narrow osteotomes are an effective means of disrupting the 
cement-implant interface but caution must be used to avoid 
impaction injury to the underlying, stress-shielded bone. 
The risk of causing an impaction injury is decreased by stack- 
ing osteotomes rather than levering. When stacking osteo¬ 
tomes, the broadest possible osteotome is placed nearest 
the underlying bone such that the force is distributed across 
a greater surface area. Oscillating saws provide one of the 
most efficient means of disrupting the cement-prosthesis 
interface. When using this instrument, it is essential that 
the soft tissues and collateral ligaments are protected with 
retractors and that care is taken to avoid skiving off the métal 
prosthesis into the underlying soft bone. Gigli saws are also 
effective tools when working posteriorly on the implant. 
The pull of the saw blade is directed anteriorly, away from 
the neurovascular bundle and soft tissues. 

Pearls and Pitfalls 

We hâve found the Gigli saw to be particularly useful when 
working on hard to reach areas such as the posterlateral cor¬ 
ner of the implant. 

After circumferential release of the implant, the tibial 
tray is removed. Extraction devices that attach to the compo¬ 
nent and are removed with a slap hammer are effective. 
Alternatively, stacked osteotomes are also an effective means 
of removal, bearing in mind the minimizing of levering on 
the anterior cortex of the tibia, thereby reducing the risk of 
tibial tubercle fracture. In addition, an impactor and mallet 
may be used to disengage the component from below. It is 
critical that the position of the impactor be rotated to pre- 
vent tilting the component, which can cause the cortex 
to split as it is struck by the keel. Following removal of the 
tibial component, cernent is removed by the same methods 
described for the fémoral component. It is essential when 
using a powered burr on the anterior cortex that no bone is 
removed, to avoid risking tibial tubercle fracture. 

Press-Fit Components 

Both tibial and fémoral press-fit components dépend on 
bony ingrowth into the implant to achieve stability. As a 
resuit, unless the component is completely loose, some loss 


of bone is to be expected. The surgeon’s job is to minimize 
that bone loss. Because of the bony ingrowth into the implant 
itself, the bone-prosthesis interface is rough and irregular. It is 
impossible to maintain a perfect dissection in this plane while 
using straight, fiat tools. For this reason we prefer to use 
cutting instruments to disrupt the bone-prosthesis interface, 
leaving ingrown bone with the implant rather than trying to 
pull it out of the implant. 

Fémoral components may be removed with any combi¬ 
nation of oscillating saws, Gigli saws, and osteotomes. We 
tend to use oscillating saws to loosen the anterior flange 
and the ou ter aspect of the médial and latéral runners. 
Alternatively, Gigli saws may also be used on the anterior 
flange of the component. Gigli saws are particularly useful 
on the posterior flange and distal fémur. Both angled and 
straight osteotomes are essential to complété the disruption 
of the bone-prosthesis interface around fixation lugs and 
the central housing. After circumferential loosening, the 
component is removed with an extraction tool or punch as 
described earlier. 

The same principles used to remove cemented tibial 
components are used to remove cementless implants. 
Circumferential exposure is again required and the implant 
is loosened from ail accessible sides. We use a combination 
of hand and power tools to ensure complété disruption of 
the bone-prosthesis interface before removal. 

Patellar Components 

When addressing the patellar component during révision 
TKA, the surgeon must first décidé whether the patellar com¬ 
ponent must be revised. In the absence of patellofemoral com- 
plaints, many patellar components may be preserved during 
révision surgery for noninfectious étiologies. Preserving adé¬ 
quate bone stock during component removal is challenging 
and the remaining patella is more likely to fracture during révi¬ 
sion due to a previous injury to blood supply and possible 
avascular necrosis (AVN). 30 When possible we recommend 
preserving the original patellar component in attempt to 
avoid potential complications. Absolute indications for revis- 
ing a patella component include infection, significant patellar 
polyethylene wear, and patellofemoral complaints. 

Fortunately, the majority of patellar implants placed 
today are cemented all-polyethylene implants. During dis¬ 
section, the patella is controlled by placing towel clips 
through the quadriceps and patella tendon adjacent to the 
bone-tendon interface. We then typically use an oscillating 
saw to disrupt the cement-polyethylene interface. The patel¬ 
lar pegs that were divided by the saw are then drilled 
out using a high-speed burr, taking care to avoid skiving into 
the adjacent bone. Cernent remaining on the undersurface of 
the patella is then removed with an osteotome or high-speed 
burr. 

Well-fixed métal backed components are much more 
complicated to remove without causing damage to the 
underlying patella. We typically begin with an oscillating 
saw taking care to remain in the metal-cement interface. 
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Narrow osteotomes are then useful for disrupting the inter¬ 
face between the métal pegs. Once as much of the accessible 
surface of the patella component has been loosened, an 
attempt is made to remove the implant by stacking osteo¬ 
tomes. It is essential that the surgeon avoid being overly 
aggressive as the patella is susceptible to fracture with the 
forces used to extract the implant with its pegs intact. If the 
component remains well fixed, a diamond cutting wheel 
may be necessary to separate the métal backing from the 
pegs. Removal of the métal pegs may also prove qui te chal- 
lenging, and rather than risk patellar fracture, the surgeon 
may choose to leave them in place (as long as they are coun- 
tersunk below the articular surface of the patella). In cases 
such as infection, when it is absolutely necessary to remove 
the métal pegs, we use a fine-tipped burr to loosen the pegs 
and fînally a small curette to scoop them out. 

Long-Stemmed Components 

With increasing frequency, orthopedists are operating on the 
multiply revised TKA. Long-stemmed tibial and fémoral 
components are commonly used to achieve stability during 
these révisions, and the extraction of these implants poses 
an additional challenge to the surgeon. Fortunately, our pre- 
vious expérience with the extraction of fémoral stems during 
révision total hip arthroplasty has accelerated the learning 
curve. A thorough understanding of the component is essen¬ 
tial following preoperative évaluation. Radiographs, old 
opérative reports, and manufacturer information should alert 
the surgeon as to whether the component is modular and 
whether the stem is smooth or textured. 

Smooth Stems 

Modular prostheses allow the condylar portion of the 
implant to be removed from the stem, simplifying the extrac¬ 
tion. When removing modular components, the surgeon 
must understand the locking mechanisms (Morse taper ver¬ 
sus threads) such that the stem and condylar portion of the 
implant may be disengaged. Smooth stems are potentially 
easier to remove than their roughened counterparts. 
Uncemented smooth stems do not allow for bony ongrowth 
or ingrowth, and cemented smooth stems bond poorly with 
polymethylamethacrylate. The risk of causing an iatrogénie 
fracture during the extraction of smooth stems is signifi- 
cantly less likely than when removing roughened stems, and 
the surgeon may safely make fairly aggressive attempts to 
remove these components. When removing cemented or 
uncemented components with long smooth stems, we typi- 
cally start by loosening the condylar portion of the implant 
as described earlier. If the implant is modular, the condylar 
portion of the prosthesis is detached from the stem. Then 
using a pair of vice grips or other extraction tool, the stem 
is disimpacted with a mallet or slap hammer. Nonmodular 
components are removed in a similar manner; however, the 
stem and condylar portion of the implant remain in continu- 
ity during removal. 


Well-Fixed Cementless Stems 

Cemented porous coated stems and well-fixed, cementless 
porous coated stems increase the complexity of component 
removal during révision TKA. Forceful extraction of well- 
fixed stems places the patient at significant risk for unneces- 
sary bone loss and iatrogénie fracture. To ensure safe 
removal, the surgeon must hâve the proper tools available 
and be comfortable performing extensile exposures. Removal 
proceeds systematically as described earlier by first loosening 
the interfaces of the articulating portions of the implant and 
then disengaging modular portions of the component if prés¬ 
ent. Removing the condylar portion of the implant provides 
access to the intramedullary canal-prosthesis interface. Access 
to the cement-prosthesis or bone-prosthesis interface is essen¬ 
tial to safely loosen the stem. Unless the surgeon is committed 
to performing an extended cortical window on the fémur or 
TTO, the condylar portion of the nonmodular component is 
eut from the stem using a diamond saw or Midas Rex. During 
métal cutting, the rest of the wound should be covered with a 
towel or sponge to shield the knee joint from métal débris, 
which may cause metallosis and synovitis. Short osteotomes 
are used in the metaphyseal portion of the tibia and fémur 
to disrupt the interfaces, whereas flexible osteotomes are more 
useful for disrupting diaphyseal fixation. Osteotomes are 
directed longitudinally down the canal decreasing the risk of 
canal perforation. 31 Once the interfaces of the stem hâve been 
circumferentially disrupted, it is removed from the canal using 
vice grips and mallet or a punch. 

In many cases, it is not possible to completely disrupt the 
diaphyseal portions of the stem while working from within the 
metaphysis. Often, the remaining areas of fixation may be 
accessed by using a cortical window located toward the tip of 
the component. The cortical window is made large enough to 
complété disruption of the prosthesis interface, yet it is not 
extended to areas that can safely be accessed from the canal itself. 
Cortical Windows are useful for disrupting the interfaces of the 
prosthesis, for disimpacting the loose stem, and for cernent 
removal following the extraction of long cemented stems. Rigid 
and flexible osteotomes are both essential for disrupting the 
diaphyseal fixation of the prosthesis. Moreland et al. 32 reported 
a useful technique using a cortical window during component 
removal in which a divot is made within the stem such that a 
punch and mallet may be used to disimpact the stem in a con- 
trolled manner. When revising components, the new stem must 
bypass the defect created by the cortical window by at least two 
cortical diameters to prevent the création of a stress riser. 

Pearls and Pitfalls 

We hâve found cortical Windows to be a relatively simple and 
effective technique for aiding in the removal of well-fixed, 
long stems that avoids the morbidity associated with TTO 
or a fémoral split. 

Postoperatively, patients are permitted full weight bear- 
ing, and aggressive range-of-motion exercises may be 
initiated immediately following surgery. 
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Many surgeons prefer more extensile exposures while 
removing well-fixed long stemmed components to improve 
the ease of component and cernent extraction. In addition to 
protecting the extensor mechanism of the knee, TTOs pro¬ 
vide unparalleled exposure to the intramedullary canal and 
long stems. While the osteotomy itself may be technically 
challenging, the exposure provided makes component and 
cernent removal extremely safe and easy. Because of the access 
provided to the intramedullary canal, TTOs avoid the need 
for cutting the stem from the condylar implant when extract- 
ing nonmodular Systems. Similarly, when removing well-fixed 
fémoral stems, the entire anterior cortex of the fémur may be 
split providing equally impressive access to the fémoral canal 
and stem. The disadvantage of using these extended exposures 
is that less-aggressive postoperative physical therapy regimens 
are often necessary while the osteotomy site heals. 

SUMMARY/CONCLUSION 

Component removal is arguably the most technically 
demanding step in révision TKA. A thorough preoperative 
évaluation is essential before any révision surgery in an attempt 
to prevent complications. Surgeons must be prepared to per¬ 
forai extensile exposures to protect the extensor mechanism 
and provide adéquate visualization for safe extraction of 
components. The primary goal during component removal is 
the safe and efficient extraction of implants and cernent 
while preserving both the osseous and ligamentous integrity 
of the knee. Controlled damage via extensile exposures is 
far more favorable than uncontrolled damage. We hope that 
you find the principles described in this text useful. 
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Balancing the Révision Total Knee 
Arthroplasty: Restraint with Constraint 


Kelly G. Vince Martin Bédard Edward Ebramzadeh 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Constrained knee prostheses are infrequently necessary in arthroplasty surgery. While providing essential mechanical 
stability in situations where a patient's own ligaments hâve failed, the increased mechanical load on the device results in higher risk of failure 
by component loosening. These devices provide differing levels of constraint depending on their design and intended use. An articulate diagnosis 
of the instability plus a cohérent surgical technique for révision surgery will ensure that constrained implants are used properly and only when 
necessary. 

IMPORTANT POINTS: 

1. Types of constrained implants available and degrees of constraint. 

2. The purpose of constrained implants is to substitute for déficient soft tissues. 

3. Instabilités may be (1) varus-valgus in extension, (2) recurvatum, or (3) anteroposterior in flexion. 

4. Patellar instability is a different problem usually related to rotational positioning of tibial and fémoral components. 

5. Many unstable arthroplasties may be stabilized with révision to different-sized (unconstrained) components implanted in different orientations. 

6. Successful use of constrained implants dépends on understanding and reducing the "destructive" forces that are responsible for the instability. 
Failure to do so results in destruction of the constrained implant. 

7. A standard surgical technique of (1) tibia platform, (2) knee in flexion (rotation, anteroposterior component size, and joint line established), 
and (3) knee in extension to match flexion gap will work for ail révisions and ail implants. 

8. Alternatives to constrained implants in situations where the patient's own ligaments hâve failed are collateral ligament advancement and 
allograft substitution. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

The title of this chapter (and with it the tacit remonstrance 
to limit our use of constrained prostheses in révision total 
knee arthroplasty [TKA]) is apt. Mechanically constrained 
knee prostheses are essential in some clinical situations, 
but it is almost always préférable to stabilize the joint with 
the patients’ own soft tissue structures. The mechanical 
properties of ligaments, their ability to absorb load elastically 
without damage to the fixation interface is idéal. The long 
history of constrained implants has not been good—the high 
failure rates hâve produced many cases of destructive loosen¬ 
ing or breakage that are very difficult to reconstruct. 

The key to révision surgery is that the fémoral component 
provides control of the soft tissue, not the tibia. Furthermore, 
the size of the fémoral component Controls the flexion gap 


and the proximal-distal position of the fémoral component 
defines the extension gap. When stability cannot be attained 
in flexion or extension by size and positioning of components, 
the surgeon has defined the need for constrained implants. 

GENERAL DEFINITION 

“Constraint” as it pertains to knee prostheses describes 
mechanical substitution for the normal stabilizing function of 
soft tissues. In this respect, constrained implants severely 
restrict the “scope, extent, or activity” of pathologie knee 
motion, presumably still permitting flexion and extension. 
The energy absorbed by the mechanism is inevitably dissipated 
in the fixation interface or the articulation itself leading respec- 
tively to increased risks of loosening and breakage. 

Constraint should be distinguished from “conformity,” 
the relative matching of articular geometry that is favored 
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for distribution (and dissipation) of joint load to diminish 
wear as well as a means to enhance articular stability. When 
conforming surfaces begin to separate from each other (sub¬ 
luxation and impending dislocation), some load is trans- 
ferred to the interface, but much is delivered to the 
normal ligamentous envelope. Walker described this mech- 
anism as the “uphill principle” 1 (Fig. 19-1). 


FIGURE 19—1 - Uphill principle of Walker: Schematic latéral view of 
typical conforming articulation of condylar type knee prosthesis. Left, 
No anteroposterior load has been applied and fémoral condyle sits in 
the deepest part of the tibial articular well. Right, As either the tibia is 
forced anteriorly or the fémur posteriorly, the fémur rises "uphill," 
trying to escape from the tibial well. In so doing, the collateral 
ligaments tighten and stability is achieved. 


GENERIC TYPES OF CONSTRAINT 

Constrained knee prostheses may be viewed generically as 
to (1) degree of constraint, (2) modularity and provisions for 
fixation, and (3) condylar or noncondylar weight bearing. 
Degree of constraint has traditionally been depicted as “semi- 
constrained” versus fully constrained, intended to distinguish 
between “posterior stabilized” prostheses and “varus-valgus” 
constrained implants. With long-term results of posterior 
stabilized implants demonstrating results comparable in dura- 
bility to any implant designs, the désignation of “semicon- 
strained” has largely been abandoned. 

Degree of Constraint 

Fully constrained devices may be either “linked” or “non- 
linked”—that is, hinged (with central boit) or nonhinged, as 
in the original “Total Condylar 3” prosthesis, which 
enhanced stability by way of a large tibial intercondylar 
eminence that articulated between the two fémoral condyles. 
The précision of fit, of this tibial eminence may vary in 
different designs, conferring greater or lesser degrees of 
laxity to varus-valgus and rotational loads (Fig. 19-2). 

The hinged devices were among the very earliest knee 
prosthesis, beginning in some accounts with the Walldius in 
1953. 2 Ail of these early hinges had fixed (nonmodular) stem 
extensions that extended into the medullary canals, initially 





FIGURE Î9-2. Total Condylar 3 prosthesis from the Hospital for Spécial 
Surgery. The intramedullary stems are part of the casting, and the tibial 
articular surface is nonmodular. The prominent tibial spine, between the 
fémoral condyles, confers stability to varus-valgus forces and prevents 
posterior tibial dislocation in flexion. 
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without cernent. Later hinged devices, such as the GUEPAR 
implant, experimented with cemented and uncemented stem 
extensions as well as central and then posteriorly offset axes 
of rotation. Nonetheless, loosening and breakage were com- 
mon problems. Rotational constraint was eliminated from 
some designs—the Kinematic Rotating Hinge 3 —but it seems 
that failure rates were only marginally improved, implying 
that some aspect of constraint, perhaps the hyperextension 
stop, is the common feature in ail designs leading to failure. 
Ail early hinged designs also bore weight directly through 
the axle. In an attempt to improve function and durability, 
more recent designs hâve provided for condylar load bearing 
in addition to the linked, constrained mechanism. 

Nonlinked constrained devices were first embodied in 
the Total Condylar 3, from the Hospital for Spécial Surgery 
and provided by more than one manufacturer. This implant 
progressed to the “Constrained Condylar Knee” (CCK) and 
then the “Legacy Constrained Condylar Knee” (LCCK) 
prosthesis. Working on similar design concepts, other itéra¬ 
tions of this concept hâve been described as “varus-valgus 
constrained” (WC). The height of the tibial spine and the 
degree to which it fits between the fémoral condyles will 
détermine “jump height” (the séparation of tibia and fémur 
necessary to resuit in posterior dislocation of the flexed tibia) 
and rotational constraint. This device can be expected to 
resist surprisingly high loads 4 if the spine remains in the 
intercondylar housing. The magnitude of varus or valgus 
moments that can be resisted increases with most of these 
designs as compressive, joint reaction force increases. Pure 
varus valgus moments are more difficult to resist. 

Modularity and Provisions for Fixation 

The original devices were “nonmodular” in the sense that 
stem extensions were narrow diameter, part of the whole cast- 
ing. These stems fit easily into the medullary canal, and were 
fully cemented. Implants were soon developed that had the 
potential for modular articular spacers and modular assembly 
of the hinge axles to facilita te implantation. Later versions fea¬ 
ture modular stem extensions that enable the surgeon to apply 
stem extension for cemented or uncemented use, of a wide 
variety of diameters, lengths, surface coatings, and cross sec¬ 
tions. The introduction of asymmetric or offset stems facili¬ 
tâtes fitting of the stem into the wide variety of canal shapes, 
as well as enabling surgeons to manipulate alignment. 5 

PURPOSE OF CONSTRAINT IN TOTAL KNEE 
ARTHROPLASTY 

Constrained implants are used, in general, to substitute for 
failed ligaments and specifically, to protect the patient 
against varus-valgus instability in extension and anterior- 
posterior instability in flexion. Recurvatum or hyperexten¬ 
sion instability is very difficult to prevent mechanically and 
durably over an extended period of service, although devices 
with mechanical limits to extension are available. The forces 
generated may be very destructive. 

Surgeons resort to constraint when the size and position 
of components hâve not reestablished functional tension in 


existing ligaments. This may ensue from plastic failure of 
the ligaments or from a surgical technique that does not 
acknowledge and evaluate the altered status of the soft tissues 
as a resuit of the antécédent failure. For example, if a surgeon 
reconstructs bone defects and establishes fixation of the fém¬ 
oral and tibial components independent of each other, but 
perhaps with respect to some anatomie landmark, say the dis¬ 
tal level of articulation, the joint may or may not articulate 
with motion and stability. Whereas if the tibia and fémur 
are linked by the technique, kinematics will be preserved if 
the ligaments are présent, even if they are altered. 

Constraint, especially the (linked constrained) hinges, are 
sometimes (perhaps inappropriately) implanted in the face of 
extensive bone loss. When the bone loss itself has resulted in 
detachment or destruction of the stabilizing envelope, this is 
clearly appropriate. However, intact soft tissue sleeves often con- 
fer highly functional stability to significantly deranged knees. 

WHEN TO USE CONSTRAINT 
APPROPRIATELY 

Diagnosis 

Instability in a knee arthroplasty does not necessarily accrue 
from ligament failure. Accordingly, a constrained implant 
may not be required in the face of instability. As ever, a diagno¬ 
sis is required. 6,7 A patient who reports “instability” or “giving 
way” must be questioned carefully. Coincident pain suggests a 
different differential diagnosis than painless instability. The 
concept of “pain inhibition,” that pain itself causes muscles to 
relent, leading to spontaneous buckling is always a considér¬ 
ation. The pain may emanate from the spine, hip, or knee. 
Instability in the plane of motion may resuit from any extensor 
mechanism problem but most commonly pain or maltracking. 
Flexion contractures, exhausting as they are to the quadriceps, 
will occasionally resuit in buckling. 8,9 A weak quadriceps mus¬ 
cle, especially if due to neurologie compromise (poliomyelitis, 
spinal stenosis), is difficult to rectify. These patients must 
hyperextend the knee to function; when the flexed knee is 
loaded, the joint collapses. This situation has been described 
as a (relative) contraindication to knee arthroplasty (Fig. 19-3). 

Patients can usually discriminate spontaneous bending 
from side-to-side wobble of the joint. The latter, varus- 
valgus instability can resuit from loosening, bone loss, break¬ 
age, problems of component size or position, periprosthetic 
fractures, wear, or, finally, ligament failure. Only the last 
diagnosis is likely to require a constrained implant. 

HOW TO USE CONSTRAINT WITH 
CONFIDENCE 

The Mechanical Environment—Destructive 
Forces 

If we regard constrained devices as substitutes for the liga¬ 
ments that would otherwise stabilize the knee, we can con- 
sider both implants and ligaments as contributing to the 
stability of the joint. Conversely, the forces that lead to 
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FIGURE Î9-3. Worksheet used to evaluate the problem or failed knee arthroplasty. The first eight causes of failure are, in general, 
amenable to révision surgery. The last, number 9, pain without a diagnosis, should be evaluated further. The sequence indicates that 
infection should always be considered first. Subséquent diagnoses are ordered by increasing difficulty of diagnosis. 


instability , to destruction of the stable arthroplasty, may be 
embodied statically by the concept of alignment and dynami- 
cally by gait abnormalities. To focus exclusively on the type 
of constrained implant without mollifying the forces leading 
to instability is usually doomed (Fig. 19-4). 

Long-leg standing radiographs that show the hips, 
knees, and ankles on one image are essential in deducing 
the origins of instability problems. Most cases of classic 
coronal (varus-valgus) plane instability occur in valgus, with 
failure of the médial collateral ligament. Usually, the 
mechanical axis (angle from hip to knee and knee to ankle) 
of the limb will hâve residual valgus alignment. This typi- 
cally results from a combination of extra-articular deformity 


plus combined tibial and fémoral component positioning 
in relative valgus. This static alignment is often exacerbated 
by dynamic features such as scoliosis, hip dysfunction 
(abductor weakness, developmental dysplasia, etc.), and 
acquired fiat foot (pes planus from tibialis posterior rup¬ 
ture). If these features are ignored, success is unlikely, as 
unchecked destructive forces will overwhelm whatever 
stabilizing strategy is put in place surgically. Along these 
lines, there is no “magic” in the so-called “neutral” mechan¬ 
ical axis or straight line from center of hip, through the 
knee to the ankle. Consider, hypothetically, that load 
sensors in the médial collateral ligament might indicate 
high stresses despite a neutral mechanical axis in the patient 














































CHAPTER 19 Balancing the Révision Total Knee Arthroplasty: Restraint with Constraint 207 



FIGURE 19-4. Results form a balance of stabilizing and deforming forces. Surgeons facing instability in an arthroplasty, however, 
generally focus on what can be done to increase stability, specifically the use of constrained implants and ligament balancing or, 
in rare cases, ligament advancements or reconstructions. In truth, if the destructive forces responsible for the instability can be 
reduced, specifically gait abnormalities (i.e., a compensated Trendelenburg phenomenon from weak hip abductors) or malalignment, 
the stabilizing strategies will be more successful and constrained implants may not be necessary. 


compensating for a Trendelenburg gait by shifting their 
entire center of gravity over the affected hip, which in turn 
imparts a valgus stress to the knee. Perhaps the only way to 
compensate for some dynamic features might be to exag- 
gerate the mechanical axis correction, placing this axis in 
an indeterminate amount of mechanical varus. While diffi- 
cult to quantify the desired mechanical varus, it is easy 
to conclude that mechanical valgus would be undesirable. 

A Few Principles 

Principles of révision surgery hâve emerged that are at times 
counterintuitive and perhaps emotionally uncomfortable. 
Nonetheless, they can be supported by logical arguments 
and empirical evidence. First, as described here, a spécifie 
mechanical diagnosis of the instability is mandatory. The 
preoperative évaluation must rule out the possibility of infec¬ 
tion (érythrocyte sédimentation rate and C-reactive protein 
from a peripheral blood sample followed by knee aspira¬ 
tion for white cell count, differential, and culture if the 
blood work is elevated). Spécifie studies for instability must 
include (1) single leg weight-bearing anteroposterior (if 
not stress) and (2) latéral (to quantify recurvatum) radio- 
graphs, (3) full-length (hip-knee-ankle radiographs) for 
over ail limb alignment, and (4) computed tomography 
for rotational positioning of components. 

Second, the révision plan must specifically address the 
cause of instability and not be performed simply as a “repeat” 
operation. If valgus instability has been présent, the knee must 
be realigned in less valgus and some substitution made for the 
defunct stabilizing structures. If the patella has been dislocating, 
the inévitable rotational problems must be addressed. The third 
guide is that révision implant Systems (not necessarily con¬ 
strained implants) should be used for ail révision surgery. This 
provides choices for ail the challenges entailed by révisions 
and also acknowledges the need for additional fixation where 
bone surface and quali ty hâve changed. 10 

A fourth principle, complété révision surgery, is invari- 
ably necessary to correct a problem arthroplasty. 11-15 This 
may seem counterintuitive and overly aggressive, but if we 
remember that the fémur is the key to controlling soft tissues 
(and alignment), it must be revised. The tibia should be 
revised to provide the option of constraint as added 


intramedullary fixation is important. A fifth principle per- 
tains to surgical technique and the importance of a technique 
that consciously acknowledges the State of the soft tissues, 
and tries to link the fémur and the tibia. The three steps I 
hâve proposed accomplish this goal. 16-18 

SURGICAL SEQUENCE 

Regardless of the cause of failure (and in this case we are 
dealing with instability), the following sequence of reestab- 
lishing a tibial platform, followed by stabilizing the knee in 
flexion (the flexion gap) where the surgeon commits to the 
correct rotational position of fémoral component, chooses 
the new component size to bring the collateral ligaments 
under tension (rather than as a function of the residual or 
normal bone dimensions) and then évaluâtes the level of 
the joint line in flexion (relative to the height of the patella). 
The third step is easy and automatic—if a révision implant 
System has been used, whereby uncemented stem extensions 
establish the position of the components reliably and solidly, 
then as the knee is extended, the components that hâve been 
selected (tibial base plate, fémoral trial and tibial articular 
surface) will push the fémoral component into the desired 
position. Cutting slots, if présent in the fémoral trial compo¬ 
nent, allow the surgeon to trim residual amounts of distal 
fémoral bone to accommodate métal augments that will 
ensure that the extension gap is equal to the flexion gap. 

This sequence of events also clearly demonstrates when a 
constrained implant is required. If, during the second phase 
of the reconstruction, the largest fémoral component (one 
that fits completely from médial to latéral cortex) is used, in 
conjunction with a thick polyethylene insert and augmented 
further by tibial blocks, and the knee is still unstable in flex¬ 
ion, this is a clear indication that the collateral ligaments hâve 
suffered plastic deformation. Constraint, not restraint , is 
required. If a nonlinked constrained device is tried, and the 
soft tissues hâve failed so badly that the “jump height” of 
the device cannot prevent posterior tibial dislocation, then 
clearly a linked, constrained device will be necessary. 

Once the knee has been stabilized in flexion, if it is 
brought out to full extension and the collateral ligaments 
do not provide stability, then the second indication for 
constraint has been identified. 
















208 REVISION TOTAL KNEE ARTHROPLASTY: THE BASICS 


It must be remembered that testing stability with the 
knee locked fully straight will not be accurate, as the poste- 
rior structures may give the mistaken impression of stability 
even though the collateral ligaments may hâve stretched 
or failed. Accordingly, it will be necessary to test the knee 
in a few degrees of flexion (up to 30) to relax the posterior 
structures and so obtain a clear impression of collateral 
integrity. 

Alternate algorithms hâve been proposed, but most 
are predicated on establishing a “joint line” in extension 
first. 19-21 Unfortunately, though theoretically désirable, the 
conditions of the soft tissues hâve changed significantly in 
many failed arthroplasties to the point where an “anatomi- 
cal” joint line may or may not be functional. An argument 
can be made on very pragmatic grounds to stabilize the knee 
in flexion first. 22 

ALTERNATIVES TO CONSTRAINT- 
LIGAMENT ADVANCEMENT 

There is a temptation, in treating the unstable knee arthro- 
plasty, to maintain the components, and just reconstruct the 
soft tissues. This will not usually work. 23 The explanation is 
most likely that alignment and the deforming forces must be 
corrected with a révision first. If during the course of the révi¬ 
sion, there is reason to either supplément stability from the 
mechanically constrained device or in fact to circumvent the 
use of mechanical constraint by reconstructing soft tissues, 
several options are available, none very widely practiced. 


The most commonly reconstructed ligament in TKA 
would be the médial collateral ligament—probably because it 
is the major stabilizer in a knee replacement and satisfactory 
function is key to eliminating the most common mode of insta- 
bility: valgus. In situations where the ligament still enjoys some 
structural integrity, its fémoral attachment may be “advanced,” 
meaning moved to another location more distant from the joint, 
to tighten it. A crade type of isometry exists in terms of flexion 
and extension gaps—repositioning the ligament more proxi- 
mally will stabilize the knee in extension, and more anteriorly 
will tighten the flexion gap. Moving both proximally and ante¬ 
riorly will reduce global instability. The original technique, 
described by Krackow et al., has been modified 20 (Fig. 19-5). 

ALTERNATIVES TO CONSTRAINT- 
LIGAMENT ALLOGRAFT 
RECONSTRUCTION 

Ligament allografts are not widely available and most sur¬ 
geons with a strong faith in constrained implants would 
eschew the concept of ligament reconstruction with cadav- 
eric material. However, as we deal with increasingly more 
challenging clinical situations and perhaps even in younger 
people, these techniques may help avoid or prolong the 
life of the maximally constrained implants. One version of 
this technique was published by Peters et al. 24 The tendo- 
Achilles with an attached block of bone provides useful 
material that can be most easily attached to the tibia during 
révision surgery by implanting the block with the 


FIGURE Î9-5, (A and B) Advancements 
(or tightening) should only be considered if 
there is some structural integrity to the 
ligament. They should not be expected to 
succeed without concurrent révision 
arthroplasty, and should follow standard 
releases on the opposite side of the joint. This 
case has classic valgus instability, the angularity 
exaggerated in the diagram for effect. 





FIGURE T 9-5 cont'd. (C and D) In a technique 
modified from the original description by Krackow, the 
médial épicondyle has been sawed off, with the médial 
collateral ligament (MCL) attached. A Krackow style, 
heavy (i.e., No. 5 nonabsorbable) suture is placed on 
either side of the ligament, and a bone screw is placed 
more proximally to increase stability in extension and 
more anteriorly to increase tension in flexion. The heavy 
suture will be tightened over this screw. Finally, two 
small fragment screws with ligament washers are 
positioned through the free épicondyle for secure 
fixation. 


C 


D 


component. This further is simplified when trabecular métal 
tibial cônes are used. The fémoral attachment is routed 
transversely and obliquely through a drill hole in the fémur. 
It can be secured on the contralatéral side with screws. The 
fémoral entry hole should be more posterior (as measured 


from the posterior fémoral condyle) than proximal (as 
measured from the distal fémoral articulation). This 
replicates normal joint action and prevents the knee from 
becoming tighter with flexion and so limiting motion 
(Fig. 19-6). 



FIGURE 19-6. (A) Anteroposterior radiograph of a multiply operated, persistently unstable nonlinked constrained knee prostheses. The primary 
arthroplasty had these tibial and fémoral components installed with fully cemented fixation on the fémoral side. This failed, and a second 
surgeon implanted a custom-fabricated polyethylene tibial insert to reduce the valgus alignment, again unsuccessfully, as we see here. (B-D) 
Anteroposterior radiograph of the pelvis shows bilateral successful total hip arthroplasties (THA). The adduction posture of the right THA results 
from severe scoliosis, which imparts significant, dynamic forces on the right knee. At the second révision arthroplasty, there was considérable 
laxity in the flexion gap (shown here). Although distal fémoral augments had been used in this case to restore the "joint line," no posterior 
augments had been used. This would hâve been important in using a larger implant to stabilize the knee in flexion. This révision performed at 
this arthrotomy used a fémoral component two sizes larger than the one removed, increasing stabliity in flexion. 


Continuéei 
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FIGURE 19-6 cont'd. (E) A cadaveric Achilles' tendon allograft substitutes for the failed médial collateral ligament. A trabecular métal cône, to 
be implanted in the tibia, can "lock in" the calcaneal bone block. (F) The trabecular métal cône has been impacted into the tibia, and the 
free end of the Achilles' tendon will be passed through an oblique tunnel in the fémur extending from distal on the latéral side to proximal on 
the latéral side. (G) The prosthesis has been implanted and the allograft ligament is prominent as it proceeds proximally from the tibia to the 
drill hole in the médial side of the fémur. 













CHAPTER 19 Balancing the Révision Total Knee Arthroplasty: Restraint with Constraint 211 


REFERENCES 

1. Walker PS, et al: Development of a stabilizing knee prosthesis employ- 
ing physiological principles. Clin Orthop Relat Res 1973: 222-233. 

2. Walldius B: Arthroplasty of the knee with an endoprosthesis. Acta 
Chir Scand 113:445-456, 1957. 

3. Walker PS, et al: The kinematic rotating hinge. Biomechanics and 
clinical application. Orthop Clin North Am 13:187-199, 1982. 

4. Walker PS, et al: Comparison between a constrained condylar and 
a rotating hinge in révision knee surgery. Knee 8:269-279, 2001. 

5. Vince KG, et al: Révision TKA. Four cases that taught me new 
things. Orthopedics 29:853-855, 2006. 

6. Vince KG, et al: The unstable total knee arthroplasty, causes and 
cures. J Arthroplasty 21(4 suppl l):44-49, 2006. 

7. Vince KG: Why knees fail. J Arthroplasty 18(3 suppl 1):39—44, 2003. 

8. Hsu AT, et al: Quadriceps force and myoelectric activity during 
flexed knee stance. Clin Orthop Relat Res (288):254—262, 1993. 

9. Perry J: Contractures. A historical perspective. Clin Orthop Relat 
Res (219):8-14, 1987. 

10. Bugbee WD, et al: Does implant sélection affect outcome of 
révision knee arthroplasty. J Arthroplasty 16:581-585, 2001. 

11. Mackay DC, et al: The results of révision knee arthroplasty with and 
without rétention of secure cemented fémoral components. J Bone 
Joint Surg Br 85:517-520, 2003. 

12. Knutson K, et al: The Swedish knee arthroplasty register. A nation- 
wide study of 30,003 knees 1976-1992. Acta Orthop Scand 65: 
375-386, 1994. 

13. Babis GC, et al: The effectiveness of isolated tibial insert exchange 
in révision total knee arthroplasty. J Bone Joint Surg Am 84-A: 
64—68, 2002. 


14. Babis GC, et al: Poor outcomes of isolated tibial insert exchange and 
arthrolysis for the management of stiffness following total knee 
arthroplasty. J Bone Joint Surg Am 83-A: 1534-1536, 2001. 

15. Fehring TK, et al: Outcome comparison of partial and full compo- 
nent révision TKA. Clin Orthop Relat Res 440:131-134, 2005. 

16. Vince KG: A step-wise approach to révision TKA. Orthopedics 
28:999-1001, 2005. 

17. Vince KG, et al: Révision total knee arthroplasty and arthrodesis. In 
Chapman M (ed): Operative Orthopedics. Philadelphia, Lippincott, 
2001 . 

18. Vince KG: Révision knee arthroplasty technique. Instr Course Lect 
42:325-339, 1993. 

19. Mihalko WM, et al: Flexion and extension gap balancing in révi¬ 
sion total knee arthroplasty. Clin Orthop Relat Res 446:121-126, 
2006. 

20. Krackow KA, et al: Expérience with a new technique for managing 
severely overcorrected valgus high tibial osteotomy at total knee 
arthroplasty. Clin Orthop Relat Res (258):213-224, 1990. 

21. Scuderi GR, et al: Révision total knee arthroplasty. A surgical 
Technique. Surg Technol Int 8:227-231, 2000. 

22. Vince KG, et al: Your next révision total knee arthroplasty. Why 
start in flexion. Orthopedics 30:791-792, 2007. 

2 3. Pritsch M, et al: Surgical treatment of ligamentous instability after 
total knee arthroplasty. Arch Orthop Trauma Surg 102:154—158, 
1984. 

24. Peters CL, et al: Reconstruction of the médial fémoral condyle and 
médial collateral ligament in total knee arthroplasty using tendo- 
achilles allograft with a calcaneal bone block. J Arthroplasty 19: 
935-940, 2004. 


CHAPTER 2 0 


Management of Bone Loss: Structural Grafts in 
Révision Total Knee Arthroplasty 


Oleg Safir Allan E. Gross David Backstein 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Major bone loss around total knee arthroplasty is a frequent reconstructive challenge. Elimination of infection is critical. 
Contained defects can be reconstructed with morselized allograft or newer highly osteophyllic metals. Reconstruction of small uncontained lésions 
can be managed with métal augments. Large defects necessitate structural allograft or mega-prostheses in certain situations. 

IMPORTANT POINTS: 

1. Reconstruction of bone defects is required any time that révision component stability is compromised. 

2. It is critical to rule out infection as an underlying cause. 

3. Surgical technique dépends on the size of the lésion and whether it is contained or uncontained. 

CLINICAL/SURGICAL PEARLS: 

1. It is critical to rule out infection cases with significant bone loss, particularly if there is clinical suspicion, very early in the life span of the implant 
or extreme in magnitude. 

2. Careful wound assessment is very important and the potential for a soft tissue rotational flap must be kept in mind. 

3. Both structural and morselized allograft bone should be available in the operating room at the initiation of the procedure. 

4. Surgery should be carried out using standard révision total knee arthroplasty techniques including careful balance of flexion and extension gaps. 

5. Careful wound care and status of the wound must be carefully attended to in the post-operative phase, since these knees hâve often been 

multiply revised. 

CLINICAL/SURGICAL PITFALLS: 

1. It is critical to diagnose and treat infection prior to reconstruction. 

2. Révision implants with stems should always be used. 

3. Fixation of structural allografts is accomplished by step cuts, press-fit, and screws. 

4. Cernent is used for the prosthesis-allograft composite but not for host bone fixation. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Dealing with bone loss can be one of the greatest challenges 
in révision total knee arthroplasty (TKA). Adéquate bony 
support of implants is critically important to a successful 
procedure. This chapter will discuss frequently encountered 
sources of bone loss as well as methods of reconstruction, 
which overcome these defïciencies. 


Etiology of Bone Loss 

Osteolysis, infection, aseptie loosening and stress shielding are 
the most common causes for large amounts of bone loss. 1,2 
This bone loss is known to be particularly severe when révision 
from hinged or stemmed components is undertaken. 3 Over- 
zealous surgical bone removal, which can occur at the time of 
primary arthroplasty, révision arthroplasty, or debridement 
for infection, can also be a source of significant bone loss. 
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Large amounts of bone loss and destruction can directly 
resuit from an infected TKA, especially if there is concomi¬ 
tant mechanical loosening. Infection can also indirectly cause 
bone loss as a resuit of static cernent spacers which may erode 
and destroy bone during the first stage of a two-stage infected 
TKA treatment (Fig. 20-1). Significant bone loss can also 
occur by overly aggressive debridement and resection on 


either the fémoral or tibial side. Although this is more com- 
monly seen when considering surgical debridement for infec¬ 
tion, it can also occur during primary and révision TKA as 
reported by other authors. 4 

In a sériés by Hockman, Ammeen, and Engh, 5 the most 
common etiology of TKA failure resulting in the requirement 
of a structural allograft was osteolysis or bony destruction due 



FIGURE 20-î. (A and B) Uncontained segmentai bone loss on fémoral side. (C and D) Intraoperative reconstruction with distal 
fémoral allograft. 


Continuéei 
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FIGURE 20-1 cont'd. (E and F) Postoperative radiographs. 

to polyethylene wear. This occurred in 16 of 24 révision TKAs in 
that sériés. Lachiewicz and Soileau 6 found osteolytic lésions in 
8 of 112 knees with a modular posterior stabilized cemented 
TKA. Osteolysis was diagnosed in 16% of uncemented TKAs 
reviewed by Peters at an average of 35 months after surgery. 
The most common site of bone résorption was the tibial diaph- 
ysis while a histological examination showed that most intracel- 
lular polyethylene and métal particles were less than a micron in 
size. 7 Polyethylene débris was associated with micromotion 
between modular polyethylene inserts and métal tibial trays 7-10 
as well as other risk factors believed to include uncemented com- 
ponents, screw fixation, and thin polyethylene. 11-13 

INDICATIONS/CONTRAINDICATIONS 

Any patient presenting with radiographie evidence of bone 
loss around a TKA requires a complété investigation to 
define the underlying cause. The most critical diagnosis to 
exclude is infection. 

In patients with significant bone destruction around knee 
prosthesis, the différentiation between a septic cause and aseptie 
mechanical failure is not always obvious. Chronic pain, espe- 
cially at rest is more common in patients with an infected pros¬ 
thesis. On the other hand, pain associated with weight bearing is 
more indicative for patients with aseptie loosening of the pros¬ 
thesis. Persistent stiffness and joint effusion are common symp- 
toms of a deep infection around total knee arthroplasty. The 
presence of symptoms in the patient’s history, such as prolonged 
postoperative wound drainage, the use of antibiotics for primary 


wound healing problems, and knee stiffness récalcitrant to réha¬ 
bilitation can also suggest deep postoperative infection. 

Diagnostic tools readily available that can assist in the 
assessment for infection is blood work including a leukocyte 
count, a C-reactive protein level, and érythrocyte sédimenta¬ 
tion rate. Elévation of these blood markers can be character- 
istic of chronic infection. In the absence of other systernie 
sources, a septic knee or infected prosthesis should be sus- 
pected. Arthrocentesis is an essential part of the workup for 
a suspected chronic infection of the knee joint. A leukocyte 
count with differential, Gram stain, and culture for aérobic 
and anaérobie bacteria should be used to evaluate the aspi- 
rate. A sériés of consecutive radiographs can demonstrate 
new lytic lésions and periosteal reaction around the infected 
bone. The use of radioisotope investigations such as gallium 
and indium in comparison with a technetium scan can help 
with the differential diagnosis of infection. Even with néga¬ 
tive results for ail the above-mentioned tests, infection may 
still be diagnosed intraoperatively. A frozen section of deep 
tissue, with a polymorphonuclear leukocyte count, is a useful 
intraoperative tool to diagnose infection. Ten polymorpho¬ 
nuclear leukocytes per high-power field is generally consid- 
ered indicative of infection. 3 

Preoperative délinéation of the bone defects requires imag- 
ing including routine radiographs. It is our standard protocol to 
obtain weight-bearing anteroposterior, latéral, and skyline radio¬ 
graphs in addition to a full-length standing views. It is recom- 
mended that prior to undertaking révision surgery, the précisé 
configuration of major defects should be well understood. This 
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FIGURE 20-2. Computed tomography scan of knee revealing massive bone loss of médial and latéral fémoral condyles. 


may necessitate enhanced imaging beyond plain radiographs, 
such as a computed tomography scan (Fig. 20-2). 

CLASSIFICATION SYSTEM 

The following classification has been developed by the 
authors and is used when communicating and describing spé¬ 
cifie cases of bone loss around TKAs. 

Tibial Bone Loss 

Contained bone loss is defined as a lésion which is surrounded 
by an intact cortical rim of bone. Bone loss is considered 
uncontained when there is no surrounding cortical sleeve. 

Type I—No notable loss of bone stock. There may be éro¬ 
sion of the endosteal bone, but there is no involvement 
of the cortex. There has been no migration of the com- 
ponent and bone is largely intact. 

Type II—Contained loss of bone stock with cortical thin- 
ning. The canal is widened, but there is still an intact 
cortical sleeve. 

Type III—Uncontained (segmentai) loss of bone stock 
involving less than 50% of either médial or latéral 
tibial plateau. Uncontained bone loss less than 50% of 
médial or latéral tibial platform and less than 15 mm in 
depth. 

Type IV—Uncontained (segmentai) loss of bone stock 
greater than 50% of either médial or latéral tibial 
plateau. Total bone loss greater than 50% of médial or 
latéral tibial platform and more than 15 mm in depth. 


Fémoral Bone Loss 

Type I—No notable loss of bone stock. There may be éro¬ 
sion of the endosteal bone, but no involvement of the 
cortex. There has been no migration of the primary fém¬ 
oral component and bone is largely intact. 

Type II—Contained loss of bone stock with cortical thin- 
ning. The canal is widened, but there is still an intact 
cortical sleeve. 

Type III—Uncontained (segmentai) loss of bone stock 
involving less than 50% of médial or latéral fémoral 
condyle. Uncontained bone loss less than 50% of médial 
or latéral fémoral condyle and less than 15 mm depth. 
Type IV—Uncontained (segmentai) loss of bone stock 
greater than 50% of médial or latéral fémoral con¬ 
dyle. Total bone loss greater than 50% of médial or lat¬ 
éral fémoral condyle and more than 15 mm deep. 

PREOPERATIVE PLANNING 

The importance of thorough preoperative planning in cases 
of complex bone loss cannot be overemphasized. Previous 
scars must be assessed and the patient’s capacity to heal eval- 
uated. When skin is déficient, tight, or adhèrent to underly- 
ing bone, consultation by a plastic surgeon is indicated. It is 
critical to hâve available the expertise to rotate gastroenemius 
flaps and construct skin grafts if required, at the conclusion 
of these procedures. Once infection has been ruled out by 
blood work and aspirations, as needed, careful imaging of 
the knee is required. As mentioned previously, the authors 
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recommend a complété set of radiographs including antero- 
posterior, latéral, skyline, and full-length standing views. 

Spécial implants must be available for major knee révision 
surgery. Modular implants with long stems, augments, and vary- 
ing degrees of constraint must be on hand. Allograft bone should 
be ordered preoperatively and opened once ail bony defects hâve 
been clearly defined. We generally use allografts, which are ana- 
tomically the same as the bone that is being replaced; however, 
good-quality bone from any anatomie location can be carefully 
prepared to accommodate a defect. We do not typically use fém¬ 
oral head allografts; however, this is certainly a viable option for 
many uncontained defects of small to medium size. It is impor¬ 
tant to use male, or premenopausal female, fémoral heads when- 
ever they are used as structural grafts. 

When a structural allograft is planned, the operating 
room is arranged so that a separate back table is available. 
Allografts are prepared on the back table and thus the avail- 
ability of a second surgical team is idéal. The second team 
works on fashioning the graft and constructing an allograft- 
implant composite. This helps decrease total anesthetic time. 

TREATMENT 

For elderly, low-demand patients with a significant osteopo- 
rosis in addition to bone loss, use of mega-prosthesis can be 
an excellent treatment option for révision TKA. 14 Contained 
and small uncontained bone defects can be treated with 
impacted bone graft. 15 For contained defects, the option of 
highly osteophyllic materials such as trabecular métal cônes 
and Ti-foam exists. 16 These implants are designed to fit into 
cavitary fémoral and tibial defects. However, these constructs 
are inadéquate for noncontained defects. 

AUTHORS' PREFERRED SURGICAL 
TECHNIQUE 

Noncircumferential Defects 

After removal of failed implants, debridement is conducted of 
ail nonviable bone and soft tissues as well as residual cernent 
and débris in the knee. Next, the tibial side is examined to find 
the suitable level for the tibial platform. The tibial canal is 
reamed and an appropriate-size base plate is chosen. Next, 
the fémoral size, rotation, and position are chosen so as to pro¬ 
duce an appropriate sized flexion gap. The fémoral canal is 
then reamed, and a trial fémoral component is inserted to 
détermine the appropriate proximal-distal implant location 
that will balance the extension gap with the flexion gap. Once 
the best locations of both the fémoral and tibial trials hâve been 
chosen, any gaps between host bone and the trials correspond 
to the size and location of the bone defects. 

Allograft is brought in to be shaped and sized to fill the 
defects as precisely as possible. Host bone edges are eut to pro¬ 
vide a mechanically advantageous, fiat, and stable base for fixa¬ 
tion of the graft after the margins of the defect hâve been cleaned. 

Large, noncircumferential defects, greater than 20 mm in 
length, are generally deemed to be beyond the scope of métal 


augments and structural allograft is used. Such grafts will pro¬ 
vide a stable platform for implant fixation. As previously men- 
tioned, minimal host bone is removed to form square or 
rectangular defects that can be filled by a similarly shaped allo¬ 
graft from an anatomically similar area or with a high-quality 
fémoral head. Several trips to and from the allograft prépara¬ 
tion table may be needed to produce a graft that matches the 
shape of the defect independent of the type of allograft used. 

It is possible to hâve interference-fit of grafts if the allo¬ 
graft bone is squeezed between the host bone and the articu- 
lar part of the stemmed implant, in which case additional 
fixation is not a necessity. In theory, this is advantageous as 
it may decrease the likelihood of vascularization and résorp¬ 
tion of the graft due to the lack of screw holes. It is more 
likely that fixation will be required if the lésions are uncon¬ 
tained and peripheral rather than if they are central and 
between two columns of host bone. 

After the graft has been fashioned, a trial component and 
trail stem is inserted while the graft is temporarily fixed with 
Kirschner wires. If required, definitive fixation is completed 
with cancellous screws and washers, which are either partially 
or fully threaded. To prevent fixation screws impinging on the 
definitive stem, the trial stem must be in place when placing 
the screws. Next, the bony cuts are re-made to complété the 
final fashioning of the graft to accept the implant after the 
allograft has been fixed by press-fit or screws (Fig. 20-3). It 
is important to avoid dislodging or loosening the graft. 

The authors usually cernent the component surfaces and 
use press-fit stems while rarely using cemented stems as we 
believe that cemented stems hâve a greater probability for 
stress shielding and bone loss. In addition, the removal of 
cemented stems if subséquent révision is required can be a 
very difficult and potentially limb-threatening problem. 
Implants are cemented to the host and allograft bone at the 
metaphysis only while the remaining fixation acquired by 
the stems is press-fit only. 

Circumferential Defects 

The management of large circumferential and segmented 
defects that are larger than 20 mm on the fémoral side and 
20 to 45 mm on the tibial side differs from the management 
of noncircumferential defects. This type of reconstruction 
uses an allograft-implant composite with a step-cut or 
oblique eut at the interface with host bone. The allograft 
bone should be approximately the same size as the patient’s 
own tibia or fémur and ideally be from the same side as the 
operational knee. It is also important to use bone and 
implants that do not resuit in too bulky a reconstruction, 
which may cause difficulty or tension for wound closure. 

After the level of the joint line is chosen and the tibial plat¬ 
form is determined, the fémoral size and location is selected 
based on its capacity to balance in flexion while the distal level 
of the fémur is selected based on the best position to allow full 
extension. This is done using a polyethylene trial, which is usu¬ 
ally between 12 and 14 mm thick. The trial stems’ press-fit 
holds these trial components while they are temporarily in this 
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FIGURE 20-3. (A and B) Uncontained loss of bone in médial fémoral condyle 
secondary to osteolysis. (C and D) Révision total knee arthroplasty with reconstruction 
of médial fémoral condyle using structural allograft fixed with screws. 


position. The space between the host bone and the component 
position détermines the bone defects and the allograft-implant 
is fashioned as to fill the defect (Fig. 20-4). 

The devitalized bone or cernent in the remnant bone is 
carefully debrided while features such as the épicondyles 


and the attached soft tissues are eut off from the remaining 
host bone in order for them to be later attached to the allo¬ 
graft. The distal end of the patient’s bone which is déficient is 
also eut to create one side of the step-cut or oblique eut junc- 
tion and needs to incorporate adéquate external rotation for 
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FIGURE 20-4. (A and B) Tibial periprosthetic fracture with major bone loss. (C) Intraoperative tibial allograft- 
implant composite. (D and E) Postoperative radiographs. 


the proper patellar tracking. The longer end of the step-cut 
or oblique eut must be on the side of the more viable host 
bone to minimize unnecessary loss of viable bone. 

The allograft-implant composite is fashioned on the allo- 
graft préparation table. For a fémoral graft the épicondyles are 


removed with an oscillating and will be replaced in vivo by the 
patient’s own épicondyles and attached collateral ligaments. 

The distal end of the graft is eut and shaped using révi¬ 
sion fémoral or tibial cutting jigs. The allograft canal is 
reamed to accept the required same sized stem to achieve a 
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press-fit in the host bone. The knee in flexion is balanced by 
the combination of tibial height and fémoral component. An 
initial step-cut complementary to the patient’s host bone 
step-cut is made and the extension gap is balanced by gradu- 
ally shortening the length of the fémoral graft until the knee 
is able to corne out into full extension. 

The bone is cleansed and dried after the allograft has 
been appropriately sized and shaped. Heavy, nonabsorbable 
sutures are passed through drill holes in the area that the épi¬ 
condyles will be reattached while the needles are eut off the 
ends of the sutures and left long for later use. Cernent is mixed 
and the implant is cemented into the allograft on the allograft 
préparation table. Next the graft-implant composite is press- 
fit into the host using the implant stem. There is no cernent 
at the host-graft junction or in the host intramedulary canal. 
On the host side, the stem is not cemented in order to maxi- 
mize the likelihood of union, avoid stress shielding, and allow 
for easy removal for subséquent révisions if necessary. 

With the knee in 90 degrees of flexion, the host épicon¬ 
dyles are fixed to the allograft bone with the nonabsorbable 
sutures and placed as far anteriorly as possible. The stability 
of the knee to varus and valgus stresses at the tibiofemoral 
articulation détermines the choice of which degree of con- 
straint of polyethylene liner is used. A standard posterior 
stabilized articulation is used if the collateral ligaments are 
functioning well. However, a greater degree of constraint 
is chosen if there are concerns about the stability to varus 
and valgus stress. It is also possible to use a rotating hinge 
for extreme cases, but it is avoided if possible as we believe 
that the forces created can contribute to a nonunion of the 
graft. 

At the end, any remaining host bone is wrapped around 
the allograft and the step-cut junction. The junction may 
need further reinforcement with cortical struts and the con- 
struct may be supplementally fixed with several cerclage 
wires. Morselized allograft and autograft are packed at the 
junction. 

In cases where the TKAs hâve failed due to infection, 
reconstruction is performed in two stages. First the implants, 
cernent, and any other foreign bodies are removed while an 
antibiotic impregnated cernent spacer is inserted. Next, a 
minimum of 6 to 8 weeks of intravenous antibiotics are ad- 
ministrated with antibiotic choice is based on the spécifie 
organism cultured. If there is failure to eradicate the infec¬ 
tion during the first stage, repeated debridements and 
cernent spacer reinsertions are performed as it is essential 
for ail the infection to be cleared before implementing any 
allograft procedure. 

Early in their postoperative phase within 24 hours, 
patients are encouraged to begin range-of-motion exercises. 
However, active extension is prohibited for 6 weeks if a tibial 
tubercle osteotomy or quadriceps turn-down is used for 
exposure purposes. Partial weight bearing is usually initiated 
at 8 weeks while full weight bearing is initiated when there is 
evidence of host-graft union, usually by 3 months. A hinged 
brace may be used until the épicondyles hâve united if there 
is concern about varus-valgus stability. 


OUTCOMES/RESULTS FOR TECHNIQUE 

When dealing with major uncontained bone defects in high- 
demand functional-level population, the use of structural 
allograft combined with stemmed, press-fit révision compo- 
nents is an effective reconstructive option. Bone stock is 
restored and potential future révisions are not compromised 
and in fact may be facilitated. Dennis 17 has described his Per¬ 
sonal sériés of 32 structural allografts in 30 patients as having 
good or excellent results in 86% at an average of 50-month 
follow-up with one distal fémoral allograft nonunion and 
one case of fémoral component loosening. A 77% success 
rate in 30 knees at an average of 55-month follow-up was 
reported by Ghazavi et al., 18 while Clatworthy et al.’s review 2 
demonstrated a mean modified Hospital for Spécial Surgery 
knee score improvement of 32.5 points and a 72% allograft 
survival rate at 10 years for 52 révision knees with 66 struc¬ 
tural allografts performed at three institutions. Hockman 
et al. hâve reported the use of 30 structural allografts in 65 
consecutive TKAs performed at their centre between 1993 
and 1996 5 including five whole distal femur-implant compo¬ 
sites and one proximal tibia. Two révisions were needed with 
a mean follow-up period of 59 months—one for infection 
and one for polyethylene wear. 

The authors’ sériés provides follow-up data at an average 
of 5.4 years (range, 1 to 16 years) for 58 patients (61 knees, 
68 structural grafts). 1 This group consisted of 17 men and 
41 women, with a mean âge of 73.4 years (âge range, 26 to 
92 years) and a mean of 2.7 previous knee procedures (range, 
1 to 5). Degenerative osteoarthritis in 37, rheumatoid arthri- 
tis in 16, and post-traumatic osteoarthritis, in 8 were indica¬ 
tions for primary knee arthroplasty. The procedure was 
performed in 31 right knees and 30 left knees. The mean 
length of allograft inserted was 5.5 cm (range, 20 to 
160 cm). Allograft-host union rate was 98.4%. In 67 of 68 
grafts, union occurred, while the one case of nonunion was 
successfully treated with révision fixation and autologous 
bone graft. In three cases, there was loosening with allograft 
résorption where résorption was graded as severe in two of 
these cases and moderate in one. At final review, 30 patients 
were deceased and two were lost to follow-up. The thirty 
patients died after a mean of 5.2 years (range, 1 to 16 years) 
foliowing the procedure due to unrelated causes. However, 
ail structural allograft and implants were intact in deceased 
patients and none were awaiting révision at the time of death. 

COMPLICATIONS 

The complexity of these procedures was highlighted in our 
sériés as there was a 21.3% rate of allograft related complica¬ 
tions requiring additional intervention. 1 One patient had 
chronic knee instability when reviewed at 10 years post révi¬ 
sion TKA with distal fémoral allograft and was treated with 
révision to a more highly constrained prosthesis with réten¬ 
tion of 70% of the original allograft and continues to do well 
both clinically and radiographically at 6 years postopera- 
tively. One patient had symptomatic graft nonunion treated 
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with bone graft and internai fixation. There was one case of a 
knee dislocation in a patient who had a distal fémoral allo- 
graft, which was successfully treated with révision of the tib¬ 
ial component without requiring a révision of the allograft. 
Four patients sustained a deep infection. One deep knee 
infection was treated with above-knee amputation at 14 
months post révision TKA. The second patient with infec¬ 
tion was treated with chronic suppressive antibiotics. A third 
deep knee infection occurred at 3 years post révision TKA 
and was revised to constrained TKA in one stage. The fourth 
patient developed a deep knee infection 1 year after révision 
TKA and is currently awaiting the second stage of a two- 
stage révision. Overall, 14.8% patients required révision of 
the structural allograft. Three patients developed peripros- 
thetic fractures of the fémur at average 4 years post TKA 
révision of which two involved the structural allografts and 
one was a fracture of host bone. Both allograft fractures were 
treated with TKA révision using an additional structural allo- 
graft, while host bone fracture was treated using an open 
réduction and internai fixation with plate and bone grafting. 
Three patients at an average of 3 years developed aseptie 
loosening with graft résorption and were successfully revised 
to another TKA with another allograft. 

SUMMARY/CONCLUSION 

Structural allograft techniques are a viable option in complex 
révision knee arthroplasty when major bone defects are prés¬ 
ent. The authors prefer to use métal augments whenever pos¬ 
sible due to their technical simplicity, but defects beyond 
their scope are well handled with structural allograft. While 
the complexity of these procedures both in the operating 
room and in the post-operative phase should not be underes- 
timated, there is adéquate evidence available that they pro- 
vide a viable option for difficult révision TKA situations. 
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CHAPTER 2 I 




Addressing Ligament Deficiency in Révision 

Total Knee Arthroplasty 


Peter F. Sharkey Omar Abdul-Hadi 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Instability is widely recognized as a common mode of failure after total knee arthroplasty. Implant designs vary in the 
level on inhérent constraint. Knowledge of the design of these implants is crucial in order to select the appropriate level of constraint. Proper 
évaluation of the patient with an unstable total knee arthroplasty helps détermine the cause of the instability and the required steps needed to 
correct the underlying problem. 

IMPORTANT PARTS: 

1. Types of instability 

2. Patient évaluation and assessment 

3. Levels of constraint in implant designs 

4. Addressing instability in the révision setting 

5. Clinical results of constrained knee designs 

CLINICAL/SURGICAL PEARLS: 

1. Fémoral sizing: appropriate sizing is necessary to correctly balance the flexion gap. 

2. Fémoral rotation: malrotation can resuit in excessive stress on the bearing surface. 

3. Flinged components: should be available in the révision setting. 

4. Level of constraint: choosing the appropriate level of constraint is critical. 

CLINICAL/SURGICAL PITFALLS: 

1. Complété clinical and radiographie assessment should be made of patients with instability. 

2. Component malrotation affects both the flexion gap and patella-femoral tracking. 

3. Unrecognized ligamentous deficiencies may lead to inadéquate implant constraint. 

4. Undersizing the fémoral component can resuit in flexion instability. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Motion and stability in total knee arthroplasty (TKA) are 
controlled by the congruity of the fémoral and tibial articu- 
lating surfaces and the remaining competent soft tissues. 
TKA designs that rely on ligaments for constraint require 
a less constrained articulating geometry. The amount 
of constraint in a knee arthroplasty varies from the least 


constraint as seen in a unicompartmental design to the 
most constrained rotating hinge design. Posterior cruciate 
sparing, posterior cruciate substituting, and the révision sta- 
bilized designs lie between the above two designs regarding 
the amount of constraint. Implant constraint is defined 
by the effect of articulation design on implant stability and 
the ability to counteract forces about the knee after arthro¬ 
plasty in the presence of a déficient soft tissue envelope. 
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Instability After Total Knee Arthroplasty 

Tibiofemoral instability is widely recognized as a common 
mode of failure after TKA and often requires révision sur- 
gery. One study found instability it to be responsible for 
22% of TKA révisions. 1 Fehring et al. 2 reported instability 
to be the second leading cause of early failure. 

Restoration of stability is critically important for a func- 
tional and durable knee arthroplasty révision. Surgeons hâve 
choices of component design and level of constraint, and it 
is vital to select the optimum implant for a given patient. 

Instability after TKA can be divided into two major 
types: 

Collateral ligament imbalance (i.e., gap asymmetry) 
Flexion-extension mismatch (i.e., gap inequality) 

Instability may resuit from inhérent soft-tissue laxity, inadé¬ 
quate flexion/extension gap balancing, improper component 
positioning or alignment, ligamentous insufficiency, failure 
to balance the collateral ligaments, or choosing the wrong 
level of constraint. 

Instability can occur in the different planes of motion 
and they can be divided into: 

• Varus-valgus (coronal plane) instability 
Recurvatum (hyperextension, sagittal plane) instability 

• Anteroposterior (or flexion) instability 

• Rotational (cross sectional) instability 

• Global 

Varus-Valgus Instability 

Medial-lateral instability is the most common type of 
instability and may resuit from incompetent collateral liga¬ 
ments, incomplète correction of a preoperative deformity, 
or incorrect bone cuts with malalignment. 3 

Clinically, the patient usually présents with complaints 
of instability occasionally giving way, récurrent knee effu¬ 
sions, and instability in flexion making stair climbing 
difficult. 4 

Recurvatum 

Recurvatum deformity may resuit from a weak quadriceps 
muscle or an incompetent extensor mechanism. This cré¬ 
âtes the necessity of walking with compensatory hyperex¬ 
tension (polio). In this situation, the hamstrings substitute 
for a déficient extensor mechanism. Recurvatum can also 
be caused by an extension gap that either is or has become 
larger than the flexion gap, as seen with subsidence of a 
loose fémoral component. Révision arthroplasties for recur¬ 
vatum often fail. These patients should consider permanent 
postoperative bracing. A linked constrained prosthesis with 
a hyperextension stop is a clever but only temporarily suc- 
cessful maneuver. If the hyperextension is a compensatory 
mechanism for a weak extensor mechanism, over time the 
patient will hyperextend again in order to keep the knee 
from bucking during ambulation. 


Anteroposterior (Flexion Instability) 

Flexion instability results in excessive anterior-posterior 
translation of the tibia in flexion and usually is associated 
with a mismatch of the flexion and extension spaces. Flexion 
instability has been recognized as a source of postoperative 
pain. On examination, the médial tibial metaphysis or soft 
tissue envelope may be tender particularly in the pes anserine 
région. The patient may also describe a sense of instability 
and récurrent knee joint effusions. 5 

Similarly, if the flexion gap has become relatively larger 
than the extension gap, the flexed tibia may dislocate posteri- 
orly. This situation may occur after révision surgery if an 
undersized fémoral component was selected because it fit 
the residual bone and posterior augments were not used. 

Flexion instability can also be caused by over resection 
of the posterior fémoral condyles, undersizing of the fémoral 
component, and excessive tibial slope. 

Frank dislocation of a posterior stabilized prosthesis can 
occur when there is a relatively tight extension space and a 
loose flexion space (Fig. 21-1). Most posterior stabilized 
designs do not require a posterior tibial slope since the slope 
is usually inhérent in the design. Excessive posterior tibial 
slope can produce a loose flexion space and laxity in flexion 
can allow the fémoral component to jump the tibial spine. 6 

Rotational Instability 

Malrotation of the tibial and fémoral components affects 
kinematics of the patellofemoral joint and the flexion gap. 
Isolated internai malrotation of the fémoral component 



FIGURE 21-T. Frank dislocation after total knee arthroplasty. 
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results in an asymmetric flexion gap. Clinically, the patient 
suffers from either latéral instability or médial tightness 
in flexion. Latéral flexion instability leads to médial tibial 
pain, difflculties standing up from a chair, or instability 
during descending stairs or walking downhill. The balanced 
flexion gap technique seeks to achieve a perfectly balanced 
extension gap first, and then aligns the fémoral component 
parallel to the tibial resection plane when the knee is under 
symmetric distraction in 90 degrees of flexion. Rotational 
positioning of the tibial component referenced on the tibial 
tuberosity represents the most reliable method. Placing the 
tibial component according to the fémoral component 
using the floating technique may lead to internai malrota¬ 
tion of the fémur if the medical collateral ligament has 
not first been properly balanced. 

Global 

Global instability is defined as combined laxity of both the 
flexion and extension gaps. It can occur when the flexion- 
extension spaces are balanced but a polyethylene insert of 
insuffîcient thickness is used. Global instability can also 
resuit from use of an underconstrained implant in the prés¬ 
ence of gross ligamentous insufficiency. 

Initial Evaluation 

Initial évaluation of the patient with instability after TKA 
should include a comprehensive history and physical exami¬ 
nation of the knee. Overall ligamentous quality should 
be assessed. Radiographie évaluation should include long- 
standing views and appropriate stress radiographs. It is 
important to assess the overall axial alignment as well as the 
sagittal alignment of the spécifie components. Also, évalua¬ 
tion of the rotational alignment of the components is useful. 
This can be done by obtaining a computed tomography (CT) 
scan to evaluate the position of the fémoral component 
relative to the epicondylar axis. 

Correlating the complaints and physical findings is 
impérative. When the principal complaints are specifically 
mechanical, such as a sensation of slipping, subluxation, or 
giving way, there very well may be an instability problem. 
However, if instability cannot be determined on physical 
examination, then révision surgery is unlikely to be success- 
ful. Buckling has many causes: pain, fixed flexion contracture 
of the knee, quadriceps weakness, and patellar pathology. 

Pain after TKA must be carefully evaluated, and it is 
impérative to détermine whether the pain is the resuit of 
instability or related to another problem. 

Principles of Total Knee Arthroplasty to Ensure 
Stability 

A key principle of TKA is to always choose an implant with 
as little constraint as needed. Excessive constraint transfers 
stress to the implant and bone-cement interface and can 
resuit in increased aseptie loosening. Conversely, failure to 


use and adequately constrained implant resuit in instability. 
The pathology in an arthritic knee relates not only to 
abnormalities of the cartilage but also of the surrounding 
soft tissue envelope. Alteration of the cruciate and collateral 
ligaments in addition to the posterior capsule occurs and 
must be dealt with properly. 

A contracted anterior cruciate ligament (ACL)/posterior 
cruciate ligament (PCL) will resuit in poor range of motion 
of the knee. Contracted collateral ligaments resuit in defor- 
mity in the frontal plane. Tightness of the posterior capsule 
will lead to a flexion contracture. This ligamentous pathol¬ 
ogy must be addressed prior to choosing an implant. 

There are multiple levels of constraint in TKA designs 
available ranging from the least constrained (unicondylar 
knees) to the most constrained (rotating hinge designs). It 
is prudent for the surgeon to hâve multiple constraint 
options available during knee arthroplasty. 

Unicondylar Arthroplasty 

Unicondylar knee arthroplasty (UKA) designs require an 
intact and normal ACL, PCL, and posterior capsule. A con¬ 
tracted médial collateral ligament (MCL) can be balanced to 
a certain degree. Unicondylar implants will not correct poor 
range of motion, flexion contractures, and incompetent col- 
laterals. This design is not suitable for patients with poor 
range of motion, severe varus/valgus deformities, knees with 
more than 5-degree flexion contractures, obese patients, and 
those with poor bone quality. The last two factors will pro- 
hibit adéquate tibial fixation. If a UKA is implanted in a 
patient with a déficient ACL, the fémur will sublux posteri- 
orly on the tibia resulting in excessive polyethylene wear or 
early loosening. Most UKA designs hâve anterior pegs to 
enhance fixation. Posterior stress transfer leads to implant 
subsidence and failure. 

Posterior Cruciate Ligament Sparing Designs 

This implant design requires intact collateral ligaments and 
posterior capsule. A normal or accurately balanced PCL is 
also necessary for good implant function. However, several 
studies hâve shown unpredictable kinematics with this 
design, especially when it relates to posterior rollback. Stud¬ 
ies using videofluoroscopy to analyze femorotibial contact 
during flexion revealed a consistent pattern of anterior trans¬ 
lation of the fémur on the tibia in flexion in cruciate retain- 
ing designs. 7 The critical issue remains of whether the PCL 
be accurately balanced when it is pathologically contracted. 
If it is déficient and this design is used, the implant will not 
function appropriately. In the setting of révision TKA, the 
use of this implant is limited to cases with good-quality bone 
with minimal defects, intact soft tissues, and a PCL that 
remains functional and balanced. For example, PCL sparing 
designs could be used for conversion of a failed UKA. In 
one sériés of révisions of failed unicompartmental knees, 
cruciate retaining fémoral components were used in 80% of 
cases with good results. 8 
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Posterior Cruciate Ligament Sacrificing Designs 

This design requires intact normal collateral ligaments 
and posterior capsule for optimal fimction. The condition 
of the PCL is not important as it is compensated for by 
the design of the implant. With PCL sacrificing TKAs, the 
contracted collaterals and posterior capsule can be aggres- 
sively released to correct the underlying deformity. 

PCL substitution provides more predictable kinemat- 
ics, improved range of motion, a more conforming surface, 
which leads to less polyethylene wear. Multiple studies 
hâve demonstrated long term clinical success with no 
increased rates of loosening compared with PCL retaining 
TKAs. 9 ’ 10 

The use of this design has expanded over the past 
decade from approximately 8% of ail arthroplasties in the 
United States in 1992 to about 50% of TKAs in 2001. In 
the setting of révision TKA, one must recognize that the 
use of this implant does not provide significant varus-valgus 
stability and only minimal rotational stability. Accurate 
adjustment of the collateral ligament and posterior capsule 
is important and results in balancing of the flexion- 
extension gap. A loose flexion gap can lead to posterior 
tibiofemoral dislocation secondary to the fémoral compo- 
nent riding up and over the tibial post. 

Constrained or Stabilized Knee Designs 

This design is the workhorse for révision knee arthroplasty. 
Use of this implant is indicated in cases where a complété 
révision of the fémoral and tibial components is required 
and there is atténuation of the médial or latéral collateral lig¬ 
ament (Fig. 21-2). 

Stabilized designs primarily require only the posterior 
capsule to be intact. This type of design can be used in 



FIGURE 21-2. Constrained or stabilized knee design. 


primary knees with severe deformity, collateral ligament defi- 
ciency, or in révision cases where the soft tissues are compro- 
mised. Such components provide a significant degree of 
rotational control and, more significantly, a great deal of 
constraint to varus-valgus angulation. 

The primary concern with this type of implant is the 
increased stress transmission to the component and bone- 
cement interface. Several reports hâve indicated similar 
short-term results to less-constrained designs, 11 ’ 12 but this 
type of implant is also more commonly used in older or more 
debilitated patients exhibiting a lower activity profile. 

The advantages of this type of implant include a broader 
range of acceptable flexion and extension balance. Stemmed 
components are frequently used in conjunction with stabi¬ 
lized designs. Stems aid in achieving correct alignment and 
help unload distressed bone and are especially useful in the 
presence of poor bone quality. 

It is important to recognize that the use of these 
implants in the révision setting in the presence of severe 
médial or latéral instability is not advocated, as several 
reports hâve shown poor results in treating both médial and 
latéral instability with varus-valgus constrained implants. 
Late récurrence of the instability has been noted in these 
types of cases. In this situation, hinged components should 
be used to reconstruct the knee. 

Rotating Hinge Knee 

This design offers the most constraint of ail knee implant 
designs and requires no intact ligamentous support. Histori- 
cally, the use of hinged implants has produced disappointing 
results, predominantly because of implant loosening. 13 ’ 14 

However, newer designs allowing implant rotation hâve 
produced more encouraging clinical and radiographie 
results. 15,16 

These implants are indicated for use in the absence 
of médial and latéral collateral soft tissue support, severe 
flexion instability, or when the posterior capsule is déficient. 
Rotating hinged components can provide good long-term 
results in properly selected patients, but the midterm failure 
rate is not insignificant 21 (Fig. 21-3). 

Addressing Instability in Total Knee 
Arthroplasty 

Révision surgery for instability requires: 

Achieving a neutral mechanical axis of the limb 
Equalization of the flexion and extension gaps 
• Assessment of ligament integrity 

Choosing the proper level of implant constraint 

The principles involved in achieving the above goals and 
reconstruction of a failed TKA include reestablishment of 
neutral alignment, restoration of joint line position, restora- 
tion of functional fémoral and tibial component rotation, 
and flexion and extension gap balancing. 
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FIGURE 21-3. Rotating hinge knee. 

Ligament advancements or reconstructions alone can- 
not be expected to stabilize the unstable knee replace¬ 
ment. 17 Reports of this technique are limited; however, 
advancement may work when used in conjunction with a 
constrained device. In this way, when the ligament heals, it 
may load share and diminish implant stress, which is very 
important for young active patients. 

Clinical Results of Constrained Knee Designs 
in Révision Total Knee Arthroplasty 

Nazarian et al. 18 evaluated 207 knee révisions performed with 
the Insall-Burstein constrained condylar knee implant at an 
average follow-up of 4.2 years. Only six (3%) tibial compo- 
nents and four (2%) fémoral components needed re-revision. 

Hartford et al. 19 studied 33 condylar constrained knee 
arthroplasties used in the révision situation at an average 
follow-up of 5 years (range, 2 to 10 years). Only one (3%) tib¬ 
ial component was revised for aseptie loosening. Rosenberg 
et al. 11 evaluated 36 révision total condylar III prostheses at 
an average follow-up of 45 months (range, 24 to 84 months). 
Only one knee required a re-revision. 

With regard to the rotating hinge design, Springer 
et al. 20 evaluated 69 kinematic rotating hinged knees at an 
average follow-up of 75 months. Seven knees had definite 
loosening of the tibial component and five knees had defi¬ 
nite loosening of the fémoral component. Pour et al. 21 
reviewed 43 patients with a mean duration of follow-up of 
4.3 years who underwent révision knee arthroplasty with 


a rotating hinged prosthesis. The rotating hinged design 
provided substantial improvement in function and réduction 
in pain. There was a large number of complications and fail- 
ures that included periprosthetic infection, aseptie loosening, 
and periprosthetic fracture. The mean time to failure was 
1.7 years. 

Surgical Pearls for Révision TKA 

Fémoral sizing: It is essential to recognize if the fémoral 
component was appropriately sized. If the fémoral compo¬ 
nent is too small with over resection of the posterior 
fémur, the resuit will be inadéquate reconstruction of the 
posterior condylar offset and flexion instability. In this sit¬ 
uation, attention should be given to augmenting the fémur 
posteriorly and utilizing a larger fémoral component in 
order to achieve a stable and balanced flexion and exten¬ 
sion gap. 

Fémoral rotation: Proper rotation of the fémoral compo¬ 
nent is vital as malrotation can cause excessive stress on 
the constrained bearing during range of motion, and 
could resuit in fracture of the polyethylene post. Com¬ 
ponent rotation can be assessed preoperatively with a 
CT-scan. Alternatively, rotation can also be assessed 
intra-operatively based on the AP axis and the trans- 
epicondylar axis. 

Always hâve hinged components available during révi¬ 
sion surgery. Occasionally standard stabilized implants will 
not provide adéquate constraint. 

When in doubt, choose a higher level of constraint. 
Clinical results of various implant designs hâve not been 
shown to be significantly different. 

SUMMARY/CONCLUSION 

Several major decision points must be resolved when 
addressing instability after TKA. First, the nature of the 
laxity must be thoroughly understood. This can be accom- 
plished with careful examination and radiographie analysis. 
Second, coexisting and confounding alignment problems 
must be ruled out. Third, symptoms must be correlated 
carefully. The clinician must be very wary if symptoms are 
not clearly related to physical or radiographie findings. 

The surgeon needs to détermine the degree of constraint 
necessary for adéquate stability and a satisfactory resuit for 
the patient. In general, the least constrained prosthesis 
needed should be used. In the majority of révision cases, a 
posterior-stabilized articulation is satisfactory. However, if 
there is functional loss of the médial collateral ligament or 
latéral collateral ligament, inability to balance the flexion 
and extension spaces, or a severe valgus deformity, then a 
constrained condylar prosthesis is often necessary. Hinged 
knee implants should always be available during révision sur¬ 
gery. In the event of gross collateral ligament or posterior 
capsular deficiency, a rotating hinge design can provide an 
excellent resuit. 
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Adjunctive Fixation in Total Knee 
Arthroplasty Révision: Stems and Sleeves 


Bryan D. Springer 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The goals of adjuvant fixation in révision total knee arthroplasty are to enhance the mechanical stability and fixation of 
the prosthesis in the face of compromised bone stock. Fixation options include the use of cemented or cementless stems as well as metaphyseal 
filling sleeves. Little data exist, however, to guide the révision surgeon regarding which type of fixation is best. This chapter reviews the current 
indications, techniques, and review of the literature. 

IMPORTANT POINTS: 

1. Stems are indicated in patients with compromised metaphyseal or diaphyseal bone stock. 

2. Stems are indicated when fémoral or tibial augments are used. 

3. Stems and sleeves provide load-sharing capabilities and provide protection to host bone or allograft. 

4. Sleeves provide rotational control of the prosthesis in patients with compromised metaphyseal bone and can be used as a substitute to larger 
allografts. 

5. Controversy exists regarding the use of cemented or cementless fixation for stems and sleeves. 

CLINICAL/SURGICAL PEARLS: 

1. Preoperative templating on both anteroposterior and latéral views is impérative. Stem length, diameter, alignment, and need for offset stems 
are determined (Fig. 22-1). 

2. Préparation and placement of stems and sleeves require broad exposure in order to gain proper axial alignment in the intramedullary canal. 

3. Metaphyseal broaches may be used to size and préparé metaphyseal bone for sleeves. 

4. Host bone contact should be maximized with cementless sleeves to provide axial and rotational stability. 

5. Trial stems and sleeves should be used and evaluated by intraoperative radiographs to ensure overall alignment and position of the joint line. 

CLINICAL/SURGICAL PITFALLS: 

1. Stems should not dictate the overall position of the components. 

2. In patients with metaphyseal or diaphyseal deformity, offset stems may be required. 

3. Uncemented stems must be diaphyseal engaging stems in order to achieve appropriate fixation. Press-fit metaphyseal stems hâve been 
associated with higher failure rates (Fig. 22-2). 

4. Cemented stems may be either fixed in the metaphysis or diaphysis depending on the amount of bone loss. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Révision total knee arthroplasty (TKA) is an increasingly 
common procedure. It is estimated that the burden of révi¬ 
sion TKA could possibly increase 601% by 203O. * 1 2 3 4 5 Infection, 
instability, and aseptie loosening continue to be the major 
reason for failures in TKA. 2,3 It is important, therefore, to 


détermine the best surgical techniques to manage révision 
problems as they are encountered. Unfortunately, little com¬ 
parative information exists to guide the révision surgeon 
concerning what type of fixation option is best. 

The goals of adjuvant fixation in révision TKA are to 
enhance the mechanical stability and fixation of the prosthe¬ 
sis, to provide load-sharing capabilities, and to protect host 
bone or allograft. Intramedullary stem fixation occurs via 
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FIGURE 22-1. Preoperative templating on both the anteroposterior (A) and latéral (B) views of the 
fémur is essential to détermine stem length and need for offset stems. 



FIGURE 22-2. Loose, malaligned nondiaphyseal engaging press-fit 
stem. 


either cemented to cementless means. Each type of fixation 
has advantages and potential pitfalls. 

Recently, porous ingrowth and cemented metaphyseal 
sleeve technology hâve been introduced as an additional 
means of providing fixation in compromised metaphyseal 
bone (Fig. 22-3). While no long-term data are available 
regarding their use, the concept and appeal of this technol¬ 
ogy hâve significantly increased their use in révision TKA. 

INDICATIONS/CONTRAINDICATIONS 
Indications for Stem Fixation 

The goals of révision TKA include restoration of bone stock, 
long-term stability of implants, and, when possible, immédi¬ 
ate weight-bearing and return to functional activity. Durable 



FIGURE 22-3. (A) Cementless trabecular métal metaphyseal 
augment. (B) Cemented metaphyseal tibial sleeve. 


and long-term fixation of both the fémoral and tibial compo- 
nents is dépendent on component stability within the host 
bone. Révision TKA is often performed in patients with 
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FIGURE 22-4. Severe distal fémoral bone loss is a challenge for fixation. 


compromised host bone, making immédiate- and long-term 
fixation challenging (Fig. 22-4). Stems provide enhanced 
mechanical stability and improved fixation in the setting of 
compromised metaphyseal or diaphyseal bone stock. 

There is general agreement that stems, whether cemented 
or cementless, should be used in ail patients with compromised 
metaphyseal bone stock. No standard algorithm exists to déter¬ 
mine when stem fixation is indicated. Each patient must be indi- 
vidually assessed with regard to remaining bone stock available 
for fixation. The Anderson Orthopaedic Research Institute 
(AORI) classification System (Table 22-1) provides a useful way 
to classify bone defects and can be useful in determining the 


need for stems and sleeves. In Type I defects where there is 
intact metaphyseal bone and good cancellous bone at or near 
the normal joint line, it may be possible to use primary or révi¬ 
sion components with our additional stem fixation. However, 
in patients with poor cancellous bone or where additional pros- 
thetic constraint is needed, a stem should be used. In Type II 
and III defects, where there is damaged or déficient bone meta¬ 
physeal bone and significant loss of cancellous bone, the use of 
a cemented or cementless stem is indicated to provide additional 
fixation, bypass bone defects, and offload poor host bone. In 
addition, stems are indicated when augmentation is required 
on either the fémoral or tibial side. When large structural 
allografts are used, additional stress protection and load-sharing 
capabilities are provided by the addition of intramedullary stems. 

Cemented Versus Cementless Stems 

Options for stem fixation in révision TKA include cemented 
and cementless fixation (Table 22-2). The advantages of 
cementless stem fixation include easy removal and préservation 
of bone stock if révision is required, fixation distal to the areas of 
damaged metaphyseal bone that is often encountered in révision 
surgery, and the potential for favorable support and load of an 
allograft prosthetic composite. The main disadvantage is that 
a cementless stem must engage the diaphysis in order to provide 
adéquate fixation. This fixation may be limited in patients with 
poor diaphyseal bone stock. In addition, diaphyseal-engaging 



Reproduced from Bone Loss with Révision Total Knee Arthroplasty: Defect Classification and Alternatives for Reconstruction. AAOS Instructional Course Lectures. Volume 48, 
1999. 
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TABLE 22-2 Advantages and Disadvantages of Cemented 
and Cementless Stems 


Type of 
Stem 

Fixation Advantages Disadvantages 


Cemented 

stems 


Cementless 

stems 


Immédiate fixation 
Able to obtain fixation within 
metaphysic 

Will not dictate component 
position 

Local delivery of antibiotics 
Ease of removal 
Bypass déficient metaphyseal 
bone 

Favorable support with use of 
allograft prosthetic composite 


Difficult removal 


Must engage 
diaphysis for 
fixation 
May dictate 
component 
position 

End of stem pain 


stems may dictate the position of the fémoral and tibial com¬ 
ponent, leading to overhang and malalignment (Fig. 22-5). 
This often may require the use of offset stems. There has also 
been concern related to end of stem pain with cementless 
stem fixation. Barrack et al. 4 reported pain at the end of 
cementless tibial stems in 18.8% of cobalt chrome and 8% 
of fluted titanium stems. 

The advantages of cemented stem fixation include 
immédiate fixation that is achieved at the time of the surgery, 
and the position of the components is not dictated by the 
bony alignments and provides better fixation in patients with 
poor diaphyseal bone stock. Additionally, it allows delivery of 
local antibiotics in the cernent for patients at risk for infec¬ 
tion or those patients with previous infection. The main 



FIGURE 22-5. Press fit metaphyseal engaging stems may lead to 
malalignment and overhang of the component. Offset stems may be 
required to avoid this complication. 



FIGURE 22-6. Well cemented révision component may be difficult to 
extract if removal is required. 

disadvantage to cernent fixation is difficult removal if révision 
surgery is required (Fig. 22-6). 

Biomechanics of Stem Fixation 

Biomechanical issues with regards to stem fixation include the 
length of the stem, the type of fixation, concern for stress 
shielding, and micromotion. Several studies hâve focused spe- 
cifically on the rôle of stress shielding with stem fixation. Initi- 
ally, there were concerns that intramedullary stems led to stress 
shielding of the proximal tibia over the length of the stem and 
could affect the long-term fixation of the prosthesis. 5 Brooks 
et al., 6 however, showed that a 70-mm stem carries 30% of 
the axial load and concluded that stems are load sharing, and 
significant stress shielding is unlikely. Jazrawi et al., 7 in a bio¬ 
mechanical model, showed no significant decrease in the proxi¬ 
mal tibial stresses with either cemented or cementless stems. 
Several studies hâve focused on the concern for micromotion 
with regard to stem fixation. Stern et al., 8 in a cadaveric study, 
showed that micromotion and migration were significantly less 
in cemented stems compared with a cementless stem construct. 
Bert and McShane 9 in a biomechanical study, showed that fully 
cemented implants hâve less micromotion than implants 
where the tray was cemented and stems were press-fit. Recendy, 
Jazrawi et al. 7 showed that cemented metaphyseal-engaging 
stems hâve less micromotion than cementless stems of the same 
length and longer diaphyseal-engaging stems are required to 
achieve the same stability as a shorter cemented stem. 

Indication for Sleeve Technology 

Traditionally, large segmentai or cavitary defects hâve been 
treated with bulk allograft. The main advantage of large bulk 
allografts are the potential for restoration of bone stock. 
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There are, however, many drawbacks to their use. The correct 
size and shape allograft may be difficult to obtain. Préparation 
and fixation can be difficult and time consuming. Long-term 
fixation and incorporation of allograft to host bone are unpre- 
dictable. In one of the largest sériés of révision TKAs using 
structural allografts, Clatworthy and Gross et al. 10 reported 
on 52 révision cases. At 5-year follow-up, the success rate 
was 92%. This dropped to 72% at 10 years. 10 

The concept of metaphyseal sleeves is not new. The 
Noiles S-ROM rotating hinge prosthesis, originally designed 
in the 1970s underwent modification in the late 1980s and 
early 1990s to include metaphyseal filling métal sleeves. 
Barrack et al. 11 and Jones et al. 12 reported mid-term, excellent 
results with the S-ROM Modular, mobile-bearing hinge pros¬ 
thesis in patients with severe knee problems. The advent of 
newer métal metaphyseal sleeves and segmentai augments 
offer an alternative to structural allografts. While these aug¬ 
ments do not restore bone stock, they are technically easier 
to use and do allow for immédiate weight bearing and range 
of motion. They can be manufactured in various sizes and 
shapes to fit most standard patterns. These sleeves are avail- 
able in both cemented and cementless versions. 

Highly porous métal implants are now readily available 
for use in treating patients with metaphyseal defects on both 
the fémur and tibia. Trabecular métal is a highly porous 
métal with high strength and low stiffness, comparable to 
cancellous bone. Its high biocompatibility and coefficient of 
friction allow for enhanced initial stability and the potential 
for long-term bony ingrowth. Because of their relative recent 
introduction, no set indications exist for the use of cemented 
or cementless metaphyseal sleeves. Metaphyseal sleeves may 
be used in Type II defects (Table 22-3) to provide rotational 
control in the proximal tibia. In such instances, cancellous 
bone is often poor quality and a central defect may exist, thus 
preventing engagement of the tibial base plate keel into host 
bone and compromising rotational stability. 

In cases where the metaphyseal bone is severely compro- 
mised or absent (Type III defect), segmentai metaphyseal 
cônes can be used as an alternative to structural allograft. 


Porous cementless sleeves allow for the potential for osseous 
intégration and récréation of a stable tibial platform. 

Surgical Technique for Stem Fixation 

Patient Positioning 

The patient should be placed supine on the operative table. 
A nonsterile tourniquet is placed on the upper thigh and ail 
bony prominences are well padded. Patient positioning 
should allow for free mobility of the knee through a full 
range of flexion and extension. A leg positioner should be 
used to allow the knee to flex and rest at 90 degrees of flexion 
to assist in fémoral and tibial préparation. 

Exposure 

Préparation and placement of intramedullary stems require 
broad exposure in order to gain proper axial alignment down 
the intramedullary canal. Inadéquate exposure, or exposure that 
compromises access to the intramedullary canals, can lead to 
axial malalignment and fracture. Do not compromise exposure 
and use extensile exposures when necessary in order to properly 
align intramedullary stems. Prior incisions should be used, and 
when multiple incisions are présent, use the most laterally based 
incision. Any skin flaps that are created should be full thickness 
to avoid compromise of the blood supply to the skin. Standard 
médial parapatellar approaches may be used in most cases and 
occasionally extensile exposures may be required. 

Préparation of the Fémoral and Tibial Canals 

Once the implants hâve been carefully removed to minimize 
the loss of host bone, the intramedullary canals of the fémur 
and the tibia can be accessed. In the révision setting, the 
canals hâve been exposed in previous surgery and during 
removal of the implants. But care should be used to avoid 
breeching intramedullary canals. Reaming the fémoral and 
tibial canals by hand is preferred. By gently hand reaming 
the canals, cancellous bone is impacted rather than removed, 


TABLE 22-3 Results for Cemented and Cementless Stems 

No. of 


Author 

Type of Stem 

Patients 

Follow-up 

Results 

Murray, CO RR, 

Cemented 

40 

58 mo 

One loose fémoral component 

1994 

Whaley, J 

Cemented 

38 

11 yr 

Survivorship free aseptie loosening: 95.7% 

Arthroplasty, 2003 

Haas, J Bone Joint 
Surg, 1995 

Cementless 

67 

3.5 yr 

Two stems revised for aseptie loosening 

Radiopaque lines in 38% fémoral and 28% tibial stems 

Gofton, CORR, 

Cementless 

89 

5.9 yr 

Seven révisions for aseptie loosening: 93% survivorship at 8.6 years 

2002 

Shannon, J 
Arthroplasty, 2003 

Cementless 

60 

5.7 yr 

Mechanical failure rate of 16% 

Radiopaque lines présent >90% of stems 

Fehring, CORR, 

Cemented versus 

107 

53 mo versus 

Ail stems were metaphyseal engaging 

2003 

cementless 

versus 

95 

61 mo 

No cemented stems were loose or required révision; 10 cementless 
stems were loose, 4 required révision 
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as often happens with power reaming. Préservation of can- 
cellous bone by hand reaming allows for better intrusion of 
the cernent into bone enhancing fixation in the metaphyseal 
area and improving the cernent mande. If significant 
deformity exists in the metaphysis or diaphysis of the bone, 
flexible reamers may be required in order to ream across 
and past the deformity. 

When using cemented stems, reaming should continue 
until a size is reached that is approximately 2 mm over the 
desired diameter of the stem to be used. For example, if the 
desired stem diameter to be used is 13 mm, the intramedul- 
lary canal should be reamed to a minimum of 15 mm. This 
allows for a minimum 1-mm circumferential cernent mande 
around the stem. Excessive reaming of the fémoral or tibial 
canal in order to obtain larger diameter stems for cernent 
fixation is not necessary. Excess reaming removes critical 
cancellous bone in the metaphyseal région that is crucial 
for cernent fixation. 

Cementless Fixation 

When cementless fixation is used, préparation of the canal 
can be performed in a similar manner; however, engage¬ 
ment of a cementless stem in the diaphysis is critical for 
long-term fixation and success. Diaphyseal fixation may be 
achieved by reaming the bone to either a ^-mm below the 
desired stem diameter or equal to the diameter of the stem 
to be used. 

Pearls and Pitfalls 

If an intramedullary cutting jig System is to be used on either 
the tibial or fémur, one must ensure the reamer is passed 
deep enough to engage the diaphysis to ensure proper 
mechanical alignment (Figs. 22-7 and 22-8). This diaphyseal 
reaming is independent of the size of the stem that is used at 
final implantation. The majority of times, cemented stems 
can be shorter metaphyseal stems and do not require long 



FIGURE 22-7. Intramedullary rods/reamers may be used to establish 
appropriate alignment. 



FIGURE 22-8. IM tibial cutting guide is used to eut the proximal tibial 
perpendicular to the anatomie axis of the tibia. 


diaphyseal-cemented fixation. The length of the stem 
required remains controversial. In general, the more damage 
that is présent in metaphyseal bone or the larger the aug- 
ments required to reestablish the metaphyseal bone, the lon¬ 
ger the stem should be. The length and diameter of the stem 
are determined based on the integrity of the residual bone 
and the dimensions of the intramedullary canal. In patients 
with adéquate bone stock, short-cemented metaphyseal 
stems 30 to 60 mm in length are adéquate. As the bone loss 
becomes more substantial, longer, cemented or cementless 
stems above 120 mm in length may be required. 

lntraoperativ^rriali§| 

Once the fémoral and tibial canals hâve been prepared to the 
appropriate depth and diameter for the appropriate stem to 
be used, trial components with the expected length and 
diameter should be used (Fig. 22-9). With the trial compo¬ 
nents in place, an intraoperative anteroposterior and latéral 
radiograph of the knee should be taken (Figs. 22-10 and 
22-11). This radiograph allows assessment of the overall 



FIGURE 22-9. Trial tibial and fémoral component are used to assess 
alignment and stability. 
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FIGURES 22-10 and 22-11. Anteroposterior and latéral intraoperative radiographs are made to 
endure proper alignment and joint line position. 


alignment of the extremity and position of the joint line. In 
addition, trial stem should be evaluated looking at appropri- 
ate stem length, diameter, and alignment within the intra- 
medullary canal. Ensure that stems are not creating overall 
malalignment of the limb by dictating the position of the 
components. Stems are designed for fixation purposes and 
should not affect the overall component position. If the 
stems are causing malalignment, often shorter metaphyseal 
cemented stems or offset stems may be required. This prob- 
lem is encountered more frequently when longer diaphyseal 
engaging cemented or cementless stems are utilized. 

Assembly of Components and Cementation 

If the appropriate diameter, length, alignment, and overall bal¬ 
ance of the knee hâve been achieved by intraoperative trialing 
and radiographs, préparation for component insertion can 
begin. Assembly of the real component should be undertaken 
by the operating surgeon or someone with expérience in 
assembling the stems (Fig. 22-12). Ensure the appropriate 
diameter, length, side, and valgus angle hâve been opened. 
Ail modular components should be assembled and tightened 
with the appropriate tools provided by the manufacturer. 

The fémoral and tibial canals should be cleansed of ail 
débris with pulsatile lavage. A cernent restrictor of appropri¬ 
ate size to allow for pressurization of cernent if used and 
to prevent extravasation into the canal should be used 
(Figs. 22-13 and 22-14). This should be placed approxi- 
mately 2 mm past the tip of the stem to allow for adéquate 
cernent mande. When cemented stems are used, the cernent 
should be vacuum-mixed on a back table and placed in the 
gun with the appropriate length nozzle to allow for adéquate 
introduction and pressurization of the cernent. Cernent should 



be applied in a doughy State (Figs. 22-15 through 22-20). The 
fémoral and tibial component should be cemented separately 
as large amounts of cernent are often needed. Adéquate pres¬ 
surization and avoidance of motion are important to ensure 
proper fixation in an acceptable cernent mande. 

When using cementless press-fit stems, it is recommended 
that the surface of the components and the metaphyseal seg¬ 
ment of the components be cemented. Cernent can be applied 
directly to the metaphyseal components as well as directly onto 
the surface of the distal bone. By leaving the distal metaphyseal 
surface of the bone cernent free, the cementless stem may be 
passed through this area without tracking cernent up the intra- 
medullary canal. The cementless stem should be slowly 
advanced into the diaphysis of the bone without excessive force 
to obtain proper seating of the fémoral and tibial components. 
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FIGURES 22-Î3 and 22-14. The intramedullary canals are plugged with a cernent restrictor to improve cernent pressurization during 
insertion of cemented stems. 


The tourniquet should remain inflated until ail cernent 
has cured to ensure that no intrusion of blood between the 
bone and cernent interface has occurred. Once the cernent 
is cured, the tourniquet may be released. Proper trialing is 
undertaken to ensure stability and real polyethylene is 
inserted. Closure is performed in the usual, standard manner 
and postoperative radiographs are checked to ensure appro- 
priate component positioning. 

Cementing Pearls 

Ensure an adéquate amount of cernent is used. In general, a 
minimum of two packs (40 g per pack) of cernent should be 
used on the tibial side and two or three packs of cernent on 
the fémoral side. In patients with a large metaphysis or 
diaphysis, or those in whom long cemented stems are 
required, additional cernent may be required. 

SURGICAL TECHNIQUE FOR 
METAPHYSEAL SLEEVES 

Several types of cemented and cementless metaphyseal 
sleeves are now available for use in révision TKA. Cemented 
metaphyseal sleeve surgical technique progresses in much the 
same manner as using a cemented stem. Most Systems offer 
cemented broaches that allow for préparation and sizing of 
the metaphysic (Fig. 22-21). The distal canal is plugged 
and the proximal diaphysis and metaphysis are fîlled with 
cernent in its doughy form. The stem and sleeve combination 
is then cemented into the proximal tibial or distal fémur and 
is held in the appropriate rotation until ail cernent has cured. 

The use of cementless metaphyseal sleeves or cônes are 
used to reinforce metaphyseal bone when a cortical shell or 
a segmentai defect exists (Figs. 22-22 and 22-23). Cementless 
metaphyseal sleeves should contact remaining good-quality 
tibial bone. Often, cavitary defects may require contouring 
with high-speed burs to accept the shape of the tibial or 
fémoral cône. Trial cônes can often be used to assist with 


préparation of the metaphyseal bone. When voids exist 
between the outer portion of the cortical bone and the trial 
sleeves, morselized cancellous grafting material may be packed 
around these voids until maximal stability is achieved. After 
selecting the appropriate size of the cementless metaphyseal 
sleeve to be used, the sleeves are impacted into the metaphy¬ 
seal bone of the proximal tibia or distal fémur in order to 
achieve a tight, pressed fît. Any remaining voids are again 
grafted with cancellous bone and a combination of deminera- 
lized bone matrix. These metaphyseal sleeves should now pro¬ 
vide a stable rim and scaffolding for which the tibial and 
fémoral components may rest on (Fig. 22-24). Cemented or 
cementless stem fixation may then be used at the time of 
implantation distal to the cône, and a metaphyseal portion of 
the components is cemented into the fémoral or tibial cône. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

The goal of révision TKA is to provide early mobilization 
and range of motion and long-term fixation of implants. 
In general, the use of stem fixation and metaphyseal sleeve 
provides immédiate stability and allows for early rapid 
mobilization. 

Patients may be allowed to weight bear as tolerated with 
an assistive device the day following surgery. Continuous 
passive motion may be used at the surgeon’s discrétion and 
range of motion may be instituted immediately postopera- 
tively. Meticulous attention must be paid to wound healing 
particularly in the multiple operated knee. 

OUTCOMES/RESULTS FOR TECHNIQUE 

In 1994, Murray et al. 13 published one of the first large sériés 
of cemented stems in révision TKA. Forty fully cemented 
révision TKAs were followed for a mean of 58.2 months. 
There was one loose fémoral component and no loose tibial 
components. This initial study set the benchmark for which 
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FIGURES 22-15 through 20. The cernent is applied in a semi-doughy State to the canal and cleaned surfaces of the tibia and fémur. 
Additional cernent is applied to the metaphyseal portion of the real components prior to insertion. 


ail other reports of cemented and cementless stems would be 
compared. Whaley et al. 14 looked at 38 fnlly cemented révi¬ 
sion TKAs. The 11-year survivorship for aseptie loosening 
was 95.7%. This included one loose tibia that was of stan¬ 
dard length and no loose fémoral components. Haas et al. 15 


looked at 67 révision TKAs with cementless diaphyseal- 
engaging stems. The mean follow-up was only 3.5 years. 
Two stems were revised for aseptie loosening; complété 
radiolucent lines were présent in 7% of the tibias. There 
were complété radiopaque lines présent in 38% of the 
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FIGURE 22-21 . Cemented metaphyseal broaches are used to size 
and préparé the metaphyseal bone. 


cementless fémoral stems and 28% of the cementless tibial 
stems. The authors concluded, however, that no associations 
between radiopaque lines and clinical results were noted. 
Gofton et al. 16 looked at 89 révisions with cementless 
diaphyseal-engaging stems at an average follow-up of 5.9 
years. There were seven révisions for aseptie loosening and 
a 93.5% survivorship at 8.6 years. Again, there were 55% 
fémoral and 52% tibial radiopaque lines présent at latest 
radiographie follow-up. Shannon et al. 17 reported on 60 
patients with uncemented diaphyseal-engaging intramedul- 
lary stems with a mean follow-up of 5.7 years. There were 
12 re-revisions for aseptie loosening, and 4 radiographically 
loose tibial components. Their overall mechanical failure 
rate was 16%. Radiopaque lines were présent in 90% and 
97% of remaining fémoral and tibial press-fit stems, 


respectively. In the only comparative study to date, Fehring 
et al. 18 compared stem fixation in révision TKA. Ail stems, 
whether cementless or cemented, were meta-diaphyseal in 
nature and did not engage the diaphysis. There were 107 
cemented stems at a mean follow-up for 53 months com¬ 
pared with 95 cementless stems at a mean follow-up of 61 
months. In the cemented stem cohort (107 implants), 93% 
were stable, and seven required close follow-up for progres¬ 
sive radiolucent lines. No implants were radiographically 
loose and none had required révision for aseptie loosening. 
In the cementless stem cohort (95 implants), 71% of the 
implants were stable; however, 18 required close follow-up 
for progression on radiographs, 10 implants were loose, 
and 4 implants had required re-revision for aseptie loosening. 
This study concluded that stems that were implanted with 
cementless stems were significantly more unstable than those 
implanted with cemented stems and there were concerns 
about the significance of radiopaque lines in cementless 
implants. The authors urged caution in the use of cementless 
metaphyseal-engaging stems in révision TKA. 

Because of their recent addition to révision TKA, data 
on the use of metaphyseal sleeves are limited. Radnay and 
Scuderi 19 reported on 10 révision TKAs in which trabecular 
métal cônes were used to provide mechanical support. At 
10-month follow-up, there was no evidence of loosening or 
change in position. 

SUMMARY/CONCLUSIONS 

Stable fixation in révision TKA is intégral in révision surgery. 
How to optimally achieve this fixation, however, remains con- 
troversial. There is no single answer as to what type of fixation 
is best. Biomechanical and micromotion studies tend to favor 
cemented constructs, but there are advantages and disadvan- 
tages to both. It appears évident that if cementless stems are 



FIGURES 22-22 and 22-23. Significant distal fémoral bone loss can be augmented with the use of a cementless press fit metaphyseal 
sleeve to recreate the distal fémoral anatomy. 
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FIGURE 22-24. The metaphyseal sleeves provide structural support 
for the implants/augments to rest. 


used, they should be diaphyseal-engaging stems. There is cur- 
rently a need for a prospective clinical study trial comparing 
cemented versus cementless stems in révision TKA. 

The advent of new porous metals and sleeve technology 
has improved the ability to deal with bone loss as well as pro¬ 
vide an additional mode for fixation. While little data exist, 
the ease of use, customization, and potential for rapid osse- 
ous intégration hâve dramatically increased their use. 
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C H A P T E R 



Révision Total Knee Arthroplasty Using 
Mobile-Bearing Technology 


Jon E. Minter 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Mobile-bearing technology has been available since the late 1970s for primary knee arthroplasty. The introduction of 
rotating platform technology in révision total knee arthroplasty affords the révision surgeon tangible benefits as the surgeon approaches challenging 
knee révisions. These benefits address concerns of loosening and post wear in highly constrained devices. Both laboratory and clinical data exist to 
support the use of these devices. 

IMPORTANT POINTS: 

1. Understand the goals révision surgery, and understand what you as the surgeon expect to achieve for the patient prior to the operation. 

2. Using a mobile bearing in a révision can alleviate some of the difficultés, such as the concern of precisely aligning a constrained device. 

3. Metaphyseal sleeves can be used in conjunction with the mobile bearing to achieve excellent long-term fixation. 

CLINICAL/SURGICAL PEARLS: 

1. Ream and broach the fémur posteriorly to more effectively manage the flexion gap. This tends to move the fémoral component posteriorly and 
close this gap. 

2. Preparing the distal fémoral canal reduces the influence of the canal axis thus obviating the need for an offset stem. 

3. Reliance on metaphyseal fixation reduces the need for long intramedullary stems. 

4. Trial with less constrained poly to get a better feel for the balance of the knee without being fooled by the secure feel of the constraining post. 

CLINICAL/SURGICAL PITFALLS: 

Imbalanced flexion and extension gaps can lead to instability, and further révisions. Use spacer blocks or some sort of balancer or tensor to ensure 
that the knee is balanced with equal, rectangular gaps to minimize this issue. 

VIDEO AVAILABLE: 

None. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Mobile-bearing technology has been available since the mid- 
1970s in various forms. The original mobile bearing total 
knee was designed for a hinged knee arthroplasty (Noiles 
knee prosthesis; US Surgical, Stamford, CT). In 1977, the 
Low Contract Stress (LCS) Knee was developed, and later 
received U.S. Food and Drug Administration (FDA) 
approval for cemented and cementless application after a 
lengthy clinical investigation. Since then, the mobile-bearing 
concept has progressed in terms of its broad applications to 
various forms of knee arthroplasty. Many designs are avail¬ 
able around the world for primary total knee arthroplasty 
(TKA) application from the major implant manufacturers in 


a variety of different configurations, including cruciate 
retaining, posterior cruciate ligament (PCL) sacrifîcing, 
and, in differing technologies, a rotating platform (RP) type, 
pin in slot, or some sort of anterior-posterior translation in 
addition to the axial rotation element. Currently only one 
manufacturer (DePuy Orthopaedics, Inc., a Johnson & John¬ 
son company) provides a mobile-bearing TKA prosthesis in 
the United States. Recently, another manufacturer (Zimmer: 
ZMH Form 10-k Annual Report, February 28, 2007) 
announced its intent to market a mobile-bearing knee in 
the United States. It is expected that other mobile-bearing 
révision knee Systems will follow in the short-to mid-term 
in the United States with further expansion internationally 
(Fig. 23-1). 
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FIGURE 23-1. Unidirectional versus multidirectional wear of ultra 
high-molecular-weight polyethylene. 


The benefit of mobility in a primary application is two- 
fold. The main benefit is based on wear réduction by lever- 
aging the scientific knowledge of polyethylene that unidirec¬ 
tional motion reduces wear, 1 while multidirectional motion 
increases wear. 2 Figure 23-1 illustrâtes this point. It is 
important to understand the design of these devices, as some 
mobile-bearing knees provide unidirectional topside wear, 
and unidirectional backside wear and show significant wear 
réduction in the laboratory, 3 while others, particularly those 
that “slide and glide,” allow for multidirectional motion, 
and therefore higher wear rates. 

The second benefit is one of loosening. Several long- 
term LCS studies hâve shown a very low instance of loosen¬ 
ing in both a cemented 4 and cementless 5 mobile-bearing 
device. 


THE CASE FOR ROTATION IN A REVISION 

To understand the impact of rotation in révision knee arthro¬ 
plasty, it is important to recognize what the goals are for this 
surgery. These objectives are to: 

• Replace lost bone 

Achieve sufficient soft tissue/ligamentous support 

• Balance flexion and extension gaps 

• Restore joint line 

• Set appropriate fémoral rotation 

• Establish correct mechanical alignment 

Successfully obtaining the above should give the patient 
the best chance to avoid additional révision surgeries. While 
the goals listed are not inconsequential to achieve in a primary, 
several complicating factors exist in révisions, making these 


even more difficult. The first of these factors is the need to 
properly align the tibial and fémoral component with a con- 
strained implant. Studies hâve shown that the knee can rotate 
in excess of 16 degrees during flexion and extension, 6 while 
révision components such as a DePuy Sigma TC3 Fixed Bear- 
ing or a Zimmer CCK can limit rotation to as little as 
2 degrees due to the fixed-bearing construct. Clearly, this cré¬ 
âtes a kinematic conflict that places strain on the polyethylene 
post, which transmits stress to the tibial tray and may ulti- 
mately lead to tibial loosening. This task of alignment 
becomes even more difficult when the patient anatomy is 
compromised to the degree of the attached (Fig. 23-2). 

In this case, if a fixed-bearing device is used, the sur¬ 
geon must attempt to precisely align the tibial and fémoral 
components to minimize post wear and tibial strain, while 
at the same time trying to best cover the remaining bone, 
recognizing that regardless of how well aligned these com¬ 
ponents are, the knee will still try to rotate. Using a 
mobile-bearing prosthesis in this case allows the surgeon 
to place the mobile-bearing tray in a position that best 
covers the tibial plateau and then allows the bearing mobil¬ 
ity to address the rotary kinematics of the knee with less 
concern for the strain placed on the tibia and post of the 
polyethylene (Fig. 23-3). 

This argument has been substantiated in the laboratory, 
and the strain réduction on the proximal tibia by using a 
mobile-bearing prosthesis has been shown in these studies 
to be as great at 73%. 7 

The first génération of hinged designs gave us further 
clinical support to the message regarding constraint and 
rotation. Hinged prostheses, created by linking the fémur 
to the polyethylene and tibial tray, contain a great deal of 
constraint. This constraint is necessary to replace missing 
or déficient collateral ligaments. Early (fixed-bearing) hinge 
designs, however, only delivered satisfactory results in 65% 
to 75% of the cases, 8 with a high rate of loosening and other 
complications. These early designs, like the Guepar and 
Walldius, had significant loosening issues because of the 



FIGURE 23-2. Intraoperative photograph of fémur showing central 
metaphyseal defect. 
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FIGURE 23-3. Mobile bearing TC3 RP polyethylene. (Adapted from 
image courtesy of DePuy Orthopaedics, Inc.) 

highly constrained implants that transmitted signifîcant tor- 
sional forces to the bone-cement interface due to the lack 
of rotation. Recognizing this as an issue, ail major manufac- 
turers (DePuy, Zimmer, Stryker, Biomet, etc.) now market 
mobile-bearing hinged designs. These rotating designs still 
deliver the required constraint, but because they now allow 
rotation, the concern of loosening due to rotational forces 
is significantly reduced. This engineering concept drives ail 
forms of hinged knee technology designed to reduce stress 
on the components as well as the bone-implant interface. It 
is fair to say that mobile-bearing technology coupled with 
the individual company-patented technologies are the key 
to the success of these implants long term. 

The other concern with a fixed-bearing constrained 
implant is the wear on the post. Retrieval analysis confirms 
the intuitive, which is that post wear has been shown in 

FIGURE 23-4. Scanned comparison of TC3 Fixed Bearing 
versus TC3 RP polyethylene. (Adapted from image courtesy of 
DePuy Orthopaedics, Inc.) 


nearly ail posted retrievals, and that the more constrained 
the polyethylene, the higher is the wear. 9 This topic has been 
explored in a recent laboratory testing environment, and the 
results are discussed in the next section. 

THE TECHNOLOGY OF THE MOBILE- 
BEARING IMPLANT FOR REVISION KNEE 
ARTHROPLASTY 

Recent bench testing comparing the stress across the articu¬ 
lation of a fixed-bearing TC 3 (Total Condylar) versus a 
mobile-bearing TC3 RP (rotating platform) (DePuy Ortho¬ 
paedics) has highlighted a clear différence for post and artic- 
ular surface wear. The objective of this study was to evaluate 
and characterize knee simulator wear of TC3 fixed and RP 
platform components. 

Three inserts of both TC3 fixed bearing and RP were 
tested. 

Test ran to 6 M cycles using a six-station knee simulator, 
gait only (0 to 58 degrees) 

• Force-controlled, displacement limited 

I/E rotation controlled, fixed bearing at 3 to 5 degrees, 
rotating platform at 10 to 12 degrees 

The RP showed 30% less average total wear. More impor¬ 
tant, the fixed bearing showed heavy wear and deformation 
around the post compared to the RP. In the relevant images, 
red depicts a loss of material and blue represents areas where 
the polyethylene has been raised (Fig. 23-4). 

These pictures highlight a clear différence between wear 
on the RP TC3 device versus the TC3 fixed-bearing device. 
While the post on the fixed-bearing device shows signifîcant 
wear on the médial and latéral sides, and raised polyethylene 
on the proximal face, the RP équivalent shows minimal wear 
and deformation. This study reinforces the intuitive belief 
that rotation alleviates the rotary forces places on these 
devices. It is interesting to note that the RP showed less wear, 
even though it was designed with slightly more constraint 
than the fixed-bearing version (post width is 17.3 mm on 
the TC3 RP versus 17.2 mm on the TC3 fixed bearing). 


TC3 fixed bearing 
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INDICATIONS AND APPLICATIONS FOR 
MOBILE-BEARING KNEE REPLACEMENT 
IN THE REVISION SETTING 

Implant sélection in révisions is based on the combination of 
bony defects and soft tissue deficiencies. The Engh Defect 
Classification System (Fig. 23-5) is an effective tool to clas- 
sify bone defects. 

Soft tissue classification is based on the relative compe- 
tency of the PCL, the médial collateral ligament (MCL), 
and the latéral collateral ligament (LCL). 


Combining the bone and soft tissue defects, the author 
uses Table 23-1 to select an implant for révisions. In ail cases, 
the author uses a mobile-bearing révision because of the 
advantages detailed in this chapter. 

SURGICAL TECHNIQUE 

Révision TKA with a mobile-bearing knee System is app- 
roached initially in the same fashion as a standard fixed 
bearing knee révision. The surgical approach requires proper 


Type 1 

Tl tibia/FI Fémur 


Type 2 

T2 tibia/F2 Fémur 


Type 3 

T3 tibia/F3 Fémur 



• Localized defect: 
cortical rim intact 

• Near normal joint line 

• Often requires small 
amounts of bone graft 


• Cortical rim intact 

• Central or peripheral metaphysis loss 

• Requires cernent fill, cancellous bone graft, 
augments or sleeves to restore joint line 


Loss of entire meta¬ 
physis and cortex 

Requires structural bone 
graft, hinged implant, 
sleeve or custom 
component 


• Compromised ligaments 

FIGURE 23-5. Fémoral and tibial defect classification using the Engh System. 


TABLE 23-1 Typical Implant Sélection by Soft Tissue and Bony Defect 

Révision TKA Defect to Prostheses Match 


Soft tissue laxity 



Stable 

PCL Absent 

LCL Absent 

MCL or Ail Absent 

T1/F1 

Non-stabilized 
or stabilized 

Stabilized 

Stabilized or VVC 
(Varus/Valgus Constraint) 

Hinge 

T2/F2 

Stabilized or VVC 

Stabilized or VVC 

VVC or hinge 

Hinge 

T3/F3 


Hinge 

Hinge 

Hinge or LPS 


PCL, posterior collateral ligament; LCL, latéral collateral ligament; MCL, médial collateral ligament; 
LPS, limb préservation System; TKA, total knee arthroplasty. 

Table courtesy of DePuy Orthopaedics, Inc. 
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exposure of the knee at the onset. Use the former knee inci¬ 
sion that provides the safest route of entry into the interior of 
the knee. Usually more proximal and distal exposure is 
desired to be well above prior scar areas. Dissection from 
untouched tissue into previously incised tissues will afford 
the surgeon a better tissue plane early on with the superficial 
stage of the surgery. During the arthrotomy, a 1-cm cuff of 
tissue is left along the border of the infrapatellar ligament, 
patella, and quadriceps tendon for purposes of closure at 
the completion of the surgery. 

Tibial exposure is facilitated by sharp dissection to, at 
minimum, the mid-coronal line. Care should be taken in 
avoidance of cauterizing the periosteum as the vascularity 
of this tissue layer is important to provide an adéquate 
wound bed for healing of this layer. A total synovectomy 
sparing the periosteum is necessary to remove the pathologie 
synovial tissue layer, which is typically composed of reactive 
fibroblastic cells and giant cell response seen in the révision 
setting. Following removal of the components, assessment 
of the bone defects and soft tissue stability is necessary. 
The previously detailed discussion of bone defects will reflect 
the extent of supplementary fixation that will be required to 
provide a stable lasting construct. 

Tibial préparation is performed first. Progressive incré¬ 
mental endosteal reaming is done typically to a depth of 
approximately 100 mm until good endosteal contact is 
obtained. Make certain that ail cernent is removed. Any 
cernent remaining within the canal may displace the reamer, 
and in certain cases the reamer may catch and cause a tibial 


-Tapered reamer 


— Tibial resection 
plane 


FIGURE 23-6. Tibial reaming (DePuy Orthopaedics, Inc surgical 
technique). (Adapted from image courtesy of DePuy Orthopaedics, Inc.) 


fracture. Once this contact is achieved, the reamer is 
exchanged for a trial stem and a metaphyseal preparatory 
(tapered) reamer (Fig. 23-6). This reamer is seated slightly 
below the articular surface. 

Upon completion of this step the tibial broach is cou- 
pied with a trial stem and then impacted to just below the 
tibial surface. Sequentially larger broaches are selected until 
adéquate fill of the bone defect within the tibial metaphysis 
is achieved (Fig. 23-7). 

Once seated, no toggle of the broach should be appre- 
ciated. The position of the broach base should be inset 
within the bone to be at right angles to the anterior-posterior 
and medial-lateral axes. This avoids “chasing the defect” with 
the broach and will also allow for easier trialing and orienta¬ 
tion the implants at final implantation. The fiat surface of the 
broach can be used as the plane for the articular eut. A small 
width oscillating saw is suggested (Fig. 23-8). 


r 



— Tibial resection 
plane 


FIGURE 23-7. Tibial broaching for metaphyseal sleeves (DePuy 
Orthopaedics, Inc surgical technique). (Adapted from image courtesy of 
DePuy Orthopaedics, Inc.) 
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FIGURE 23-8. Resection off surface of tibial broach (DePuy 
Orthopaedics, Inc surgical technique). (Adapted from image courtesy of 
DePuy Orthopaedics, Inc.) 

Trial components are assembled and impacted (Fig. 23-9 A). 
Adjustments for joint line position can be done at this point 
with trial base plates (15- and 2 5-mm tibial baseplate modular 
build-ups) versus utilization of poly inserts at final trialing 
(Fig. 23-9 B). 

Fémoral préparation starts with intramedullary reaming 
most commonly to a depth of 100 mm. It is unnecessary to 
engage the central diaphysis of the fémoral canal as this may 
negatively influence the optimal position or placement of the 
fémoral component. Avoidance of placing the reamer tip into 
the central diaphysis of both the fémur and tibia allows the 



FIGURE 23-10. Intraoperative fémoral reaming. 


surgeon to optimize the location of the final components. 
Reamer depth will alter the anterior-posterior and medial- 
lateral position of the fémoral implant due to the bow of the 
fémur. After preparing the canal, the reamer is exchanged for 
a trial stem tip based off the final reamer diameter. This trial 
stem is coupled with a metaphyseal reamer that préparés the 
introitus of the distal fémur for the fémoral broach (Fig. 2 3-10). 

Broaching the distal fémur is done incrementally until the 
broach is solidly seated without toggle. The broach handle has 



FIGURE 23-9. (A) Tibial trial component completion. (B) Tibial 
monoblock buildup. 
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laser etched incréments to allow the surgeon to visualize 
the planned distal fémoral resection based on the System used 
(e.g. Sigma PS, TC3, LCS WC, S-ROM) (Fig. 23-11). 

The broach is retained in the canal, and a distal fémoral 
cutting jig is secured to the broach. Typically a minimal 
resection is used to minimize bone loss while allowing for 
adéquate cernent interdigitation. Following the distal resec¬ 
tion, rotation and sizing with the anterior-posterior cutting 
block is then performed. Optimal sizing is a combination of 
preoperative templating, intraoperative inspection of the pre- 
existing components in situ, and the need for appropriate fit 
of the new prosthetic fémur onto the host bone. Avoidance of 
overstuffing in the mediolateral dimension cannot be over- 
stated enough. Allowing the anterior-posterior block to rest 
on the spacer block placed on the tibial trial component pro¬ 
vides proper évaluation of rotation versus the epicondylar 
axis and avoids malrotation of the joint. This technique 
allows the joint space to be rectangular, making it easier to 
balance the knee. This is also a useful technique when distal 
landmarks are not clearly identifiable. As with the distal fém¬ 
oral resection, minimal anterior and posterior bone removal 
are required and are done with the aim of optimizing later 
cernent interdigitation. 


While leaving the broach in place, the final chamfer and 
box resection cuts can be performed. If the surgeon believes 
that the joint line should be moved distally, distal augmenta¬ 
tion of the final cutting guide can be done to correctly posi¬ 
tion the levels of the chamfer and notch resections. 
Following completion of the bone cuts, the trial fémoral com¬ 
ponent is assembled and subsequently impacted (Fig. 23-12). 

Trialing is done with either a posterior stabilized or 
constrained post (TC3) fémoral trial. Trialing with a poste¬ 
rior stabilized component allows the surgeon to optimize 
the balance of the knee without being misled with the added 
constraint of the TC 3 post. Once the knee is balanced to the 
satisfaction of the surgeon, trialing with the varus-valgus 
constrained poly articulation is then done. This will allow 
the surgeon to accurately assess the final articulation. It is 
also at this phase of the surgery that the surgeon should 
evaluate the position of the patella to ensure proper track- 
ing and avoidance of patellofemoral complications associated 
with patellar Baja or Alta. Avoidance of impingement of 
the tibial poly insert on the patella and centralization of the 
patella can also be determined during this trialing process. 
Latéral release is occasionally necessary in the révision setting 
to optimize the patellofemoral tracking. 



TC3 

Sigma C3 
LCS/SROM 



A 

FIGURE 23—11 - A/B: Fémoral broaching for metaphyseal sleeve (DePuy Orthopaedics, Inc surgical 
technique). (Adapted from image courtesy of DePuy Orthopaedics, Inc.) 
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FIGURE 23-12. Fémoral trial assembly. 


Once ail trialing and final component sélection are com- 
pleted, assembly of the permanent components is performed 
(Fig. 23-13). 

It is the author’s preference to add 0.5 mL of methylene 
blue to each bag of cernent to assist with identification of it 
during removal along the margins of the components 
(Fig. 23-14). 

Two bags of cernent are typically sufficient to cernent ail 
components. Because porous coated sleeves are présent for 
fixation within the metaphysic, it is unnecessary to apply 
cernent to the sleeves or inject cernent into the endosteal 
canal. Following pulsatile lavage, as the cernent is being 
mixed, cauterization is performed on ail fibrous tissue 



FIGURE 23-13. Final implant assemblies. 



FIGURE 23-14. Implant cementation. 


présent on the cancellous surfaces that will eventually accept 
cernent. This removes the fibrous tissue from the bony tra- 
beculae and improves fixation of the implant. 

Pressurization of the cernent is important for the long- 
term fixation of the construct. Seat the implant fully with 
the appropriate impactor(s) and remove ail cernent from the 
margins of the implant including the posterior condylar area. 
Check the range of motion, stability, and patellar tracking 
prior to final sélection of the poly insert. Once satisfied with 
these parameters, then exchange the trial for the permanent 
polyethylene insert. 

Standard closure is undertaken at this time. If excessive 
bleeding is noted at the time of closure of the arthrotomy, 
the insert can be readily removed and inspection of the pos¬ 
terior capsule can take place if necessary. 

SUMMARY/CONCLUSION 

The proper technique of révision TKA is not unique to the 
mobile-bearing knee System. The RP articulation can, how- 
ever, alleviate some of the concerns raised when using a con- 
strained implant as detailed in this chapter. The mobile- 
bearing révision implant is designed to reduce stress at the 
implant-bone interface while maximizing stability. Addition- 
ally, the long successful clinical héritage of the mobile bear- 
ing révision System affords the physician a great deal of 
confidence when applying this construct in a révision setting. 
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Patella Revision/Reconstruction 


Gregory K. Deirmengian Craig L. Israélite 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: There are various sources of patellar morbidity that may compromise total knee arthroplasty outcomes. A careful clinical 
évaluation of patients with patellofemoral symptoms is used to décidé the best treatment option. In addressing the patella during révision total 
knee arthroplasty, the surgeon faces difficult decisions and technical challenges. Several reconstructive surgical techniques hâve been described for 
the patella in révision knee arthroplasty. 

IMPORTANT POINTS: 

1. Etiology of Patellar Morbidity 

Previously unresurfaced patella 
Wear 

Maltracking 

Loosening 

Fracture 

2. Clinical Evaluation 

History 

Physical examination 

Radiographie imaging and laboratory studies 
Intraoperative inspection 

3. Treatment Options 

Nonoperative treatment 

Leave the patella unrevised 

Révision with component reimplantation 

Resection arthroplasty with patellar reconstruction 

Fracture fixation 

Salvage techniques 

4. Surgical Techniques 

Reimplantation of a polyethylene button 

Resection arthroplasty with patelloplasty 

Bone grafting procedures 

Révision with a trabecular métal component 

Patellectomy 

Extensor mechanism allograft reconstruction 
Fracture fixation 

Partial patellectomy with extensor mechanism repair 

CLINICAL/SURGICAL PEARLS: 

1. The importance of a careful clinical évaluation cannot be overstated. 

2. A clear source of patellar morbidity should be identified prior to proceeding with surgery in patients with isolated patellofemoral symptoms. 

3. When at least 8 to 10 mm of bone stock remains after resection, reimplantation with a cemented polyethylene is the best option. 

4. When less than 8 to 10 mm of bone stock remains after resection, the surgeon should consider from one of several other reconstructive options. 

5. Periprosthetic patella fractures with a stable component, minimally displaced fracture, and intact extensor mechanism should be treated 
nonoperatively. 
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CLINICAL/SURGICAL PITFALLS: 

1. Plain radiographs often fail to demonstrate sources of patellar morbidity and other imaging modalities should be pursued when there is high 
clinical suspicion. 

2. For a well-appearing patellar component in the setting of tibiofemoral révision, patellar reconstruction should be considered if poor survivorship 
of the existing component is predicted and sufficient bone stock remains for reimplantation. 

3. Reimplantation of a polyethylene component with less than 8 to 10 mm of residual bone stock is associated with a high risk of failure. 

4. When scant to no bone stock remains, reconstruction with a trabecular métal component is associated with a high rate of failure. 

5. Prior to the surgical treatment of periprosthetic patella fractures, patients should be warned of the high risks of complications and suboptimal 
outcomes. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

The patella is a potential source of morbidity that may 
compromise total knee arthroplasty (TKA) outcomes, with 
the possibilities of component wear, loosening, peripros¬ 
thetic fracture, avascular necrosis, patellofemoral instability, 
and other such problems. In addressing the patella during 
révision TKA, the surgeon faces difficult decisions and tech- 
nical challenges. Optimizing the results of révision TKA 
requires maintenance of a well-fixed patellar component 
and a well-tracking patellofemoral joint, while avoiding com¬ 
plications in achieving these goals. This chapter will focus on 
the management of the patella in révision TKA. It will 
discuss the étiologies of patellar morbidity, preoperative clin¬ 
ical évaluation, nonoperative and operative treatment 
options, surgical reconstructive techniques, and treatment 
outcomes. It will also use the current literature to provide 
the reader with an organized approach that can be used to 
guide management of the patella in révision TKA. 

ETIOLOGY OF PATELLAR MORBIDITY 

Pain and dysfunction resulting from a failed TKA commonly, 
at least in part, stem from the patellofemoral articulation. 1 
Factors related to intraoperative technique, to component 
design and manufacturing, and to patient characteristics and 
activities can ail contribute to the development of patellar 
problems. In order to identify the patella as a cause of pain 
and dysfunction, the surgeon must recognize sources of 
patellar morbidity when evaluating patients. 

Although the rôle of patella resurfacing in primary TKA 
remains an area of controversy, several prospective, randomized 
studies hâve implicated the unresurfaced patella as a source of 
knee pain after primary TKA. 2,3 Along with changes in patello¬ 
femoral biomechanics that take place with TKA, the prolonged 
effects of cartilage-metal contact leads to significant cartilage 
érosion with time. 4 ’ 5 As such, an unresurfaced patella must 
be considered a potential source of knee pain after arthroplasty. 

Prosthetic wear is another potential source of patellar 
morbidity. Several parameters influence the rate and pattern 
of wear of the patellar component. Factors that promote 


uniform contact forces minimize wear while those that cause 
contact loading lead to increased wear. Patellar and troch- 
lear component geometries that conform to each other 
reduce prosthetic contact loading. 6 Modem fémoral 
components are designed with a concave-shaped fémoral 
sulcus that conforms to the patellar component. Similarly, 
several patellar components hâve been designed with this 
conformity in mind. While central-domed patellar compo¬ 
nents eliminate the concern of rotational malalignment 
and the resulting patellofemoral asymmetry with the knee 
motion, the design is suboptimal with regards to congru- 
ency with the fémoral component. 7 The contact stresses 
that resuit from the mismatched geometries of central- 
domed patellar components and the trochlea of standard 
fémoral components exceed the polyethylene strength, 
leading to “conforming” patterns of wear. 8 Patellar compo¬ 
nents with concave peripheral lips hâve been designed 
to provide more patellofemoral congruity in an attempt to 
minimize contact loading and wear. Although these designs 
offer a more even distribution of compressive forces, they 
introduce concerns for rotational alignment and may also 
cause increased shear stresses at the interface of the 
prosthesis and bone with knee motion. 9 

Patellofemoral maltracking caused by component mal- 
positioning and extensor mechanism soft tissue imbalance 
may also cause a focalization of contact forces. Specifically, 
stresses are focused between the patellar component and 
the latéral aspect of the fémoral component, resulting in an 
increased rate of polyethylene wear. Other component design 
and manufacturing features hâve also been associated with 
an increased rate of wear. Two prime examples include the 
metal-backed patellar component 10,11 and sterilization with 
gamma irradiation in air. 12 

While several patterns of patellar component wear hâve 
been observed, including scratching, délamination, and 
polishing, 13 the means by which the entity causes patient 
symptoms are likely 2-fold. First, sufficient détérioration of 
the polyethylene may leave the overlaying patella uncovered, 
leading to osseous impingement on the fémoral condyle. 
This effect is most likely to occur with thin patellar compo¬ 
nents subject to peripheral wear. Second, macroscopie and 
microscopie débris that is a byproduct of wear may lead to 
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mechanical obstruction, osteolysis, synovitis, and local soft 
tissue reaction and atténuation. 14 These processes lead to 
pain, mechanical symptoms, and dysfunction. It is important 
to note that most patients with patellar component wear 
remain asymptomatic. 9 

As with the tibial and fémoral components, loosening of 
the patellar component is another potential source of 
morbidity in TKA and can occur by several mechanisms. 
The reported incidence of patellar component loosening 
ranges from 1% to 3% but does not always cause symp¬ 
toms. 15 Patient factors that hâve been associated with the 
entity include weight, level of activity, and male sex. 16 Peri- 
prosthetic fracture is the most obvious cause of patellar 
component loosening. Infection may cause compromise of 
the bone-prosthesis interface as part of the disease process 
or may lead to resection arthroplasty as part of the treatment. 
Osteolysis of the patella that results from a local inflamma- 
tory response to particulate débris typically occurs around 
the margin of the component or around the implant-bone 
or cement-bone interface, and can also resuit in component 
loosening. 17 

Several technical factors and component features also 
influences the risk of patellar component loosening. Over- 
resection of the patella, malpositioning of the patellar 
component, and poor cementation technique may compro¬ 
mise the initial fixation. 17 Avascular necrosis, which may 
be related to latéral retinacular release or excessive soft 
tissue stripping, may cause periprosthetic fracture and frag¬ 
mentation, compromising fixation strength and leading to 
prosthetic loosening. 18 Patellar maltracking may cause 
increased forces on the bone-prosthesis interface, which 
may also compromise fixation. 17 Early patellar component 
designs involved a large central lug, but concerns for risk 
of fracture with the use of this design prompted the use of 
smaller central lugs, which was found to provide inadéquate 
fixation. Currently, three-pegged fixation is the most 
commonly used and most successful design. 18 Metal-backed 
patellar components hâve been plagued with early failure 
related to component wear, fracture, and loosening. Design 
constraints on the thickness of the polyethylene lead to 
wear and délamination, causing osteolysis and loosening. 
With sufficient wear, the metal-backing of the component 
is exposed and articulâtes with the fémoral component, 
creating metallic débris. 7,10,11 

Patella fractures, another source of morbidity, are the 
most common type of periprosthetic fracture complicating 
TKA. 19 Their etiology is usually multifactorial and related 
to trauma, intraoperative technical factors, component design 
factors, osteolysis, and avascular necrosis. Poor outcomes, 
including chronic pain, mechanical symptoms, stiffriess, and 
extensor dysfunction, commonly resuit from fractures asso¬ 
ciated with component loosening and extensor mechanism 
disruption. In order to guide management, Ortiguera and 
Berry 20 devised a classification for periprosthetic patella 
fractures based on extensor mechanism integrity, stability of 
component fixation, and bone stock (Box 24—1). 


Box 24-1 Classification of Periprosthetic 
Patella Fractures 


Type of Fracture 

Description 

I 

Implant stable 

Extensor mechanism intact 

II 

Implant stable 

Extensor mechanism disrapted 

Ilia 

Implant loose 

Sufficient bone stock 

Illb 

Implant loose 

Insufficient bone stock 


From Ortiguera CJ, Berry DJ: Patella fractures after total 
knee arthroplasty. J Bone Joint Surg Am 84:532-540, 2002. 


CLINICAL EVALUATION 

There are two situations that raise the possibility of patella 
révision or reconstruction as a treatment option in symp- 
tomatic patients with TKA. First, patients presenting with 
isolated anterior knee pain and with a négative workup 
related to the tibial and fémoral components are evaluated 
to search for an identifiable cause of the patellofemoral 
symptoms. If such a source is identified, révision surgery 
is considered. Second, patients requiring a révision of the 
tibial and/or fémoral component hâve their patella evalu¬ 
ated and appropriate actions may be taken if an intraopera¬ 
tive source of patellar morbidity is identified. 

In révision TKA, establishing a firm preoperative 
diagnosis is essential for optimizing outcomes. In the 
absence of a clear etiology of patient symptoms, the chances 
of successful surgical interventions are limited. 21 Often, 
a thorough history is the most important element of the 
évaluation. Information should be gathered from the pre¬ 
operative, perioperative, and postoperative periods of the 
index procedure from the patients themselves and from ail 
available records. 

The diagnosis that led to the primary TKA as well as 
history of prior injury or surgery to the knee is collected. 
A history of deformity, instability, and stiffhess prior to the 
index procedure is obtained and, when available, initial 
radiographs are reviewed. Obtaining the operative note 
describing the details of the index procedure is essential in 
order to détermine the implant design and sizes, whether 
the patella was resurfaced, and whether soft tissue releases, 
including a latéral release, was required for balancing. Peri¬ 
operative complications, including fracture, hematoma, 
persistent drainage, infection, thrombophlebitis, persistent 
swelling, and stiffness are noted. Procedures undertaken 
on the same knee after the index procedure, such as irrigation 
and debridement, fracture fixation, or manipulation under 
anesthésia, are documented. 

Details of the postoperative symptoms are also important 
to gather. The patients are questioned regarding the location, 
quality, severity, and temporal nature of the symptoms, as well 
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as alleviating and aggravating factors. If the patient did not 
expérience pain relief from the index procedure, one must 
consider other anatomie origins, such as hip and lumbar spine 
pathology. Associated symptoms such as stiffhess, instability, 
mechanical symptoms, and dysesthesias are identified. Patients 
are questioned regarding the temporal nature of the symptoms 
in order to distinguish those who had experienced an asymp- 
tomatic interval from those whose symptoms began immedi- 
ately after the index procedure. Patients with an asymptomatic 
interval are more likely to suffer from diagnoses such as hema- 
togenous infection or component loosening while those whose 
symptoms began at the time of the index procedure are more 
likely to suffer from diagnoses related to technical errors, such 
as instability or maltracking. 

Physical examination proceeds in an organized manner. 
It is important to perform a general musculoskeletal exami¬ 
nation, particularly of the spine and ipsilateral hip, in order 
to identify other sources of symptoms. The patient is asked 
to demonstrate ambulation and the lower limb alignment 
and gait pattern are observed. The skin is examined to identify 
signs of infection, reflex sympathetic dystrophy, peripheral 
neuropathy, and vascular disease. Active and passive range of 
motion is documented and associated pain, weakness, crepi- 
tus, and loss of motion are noted. Tibiofemoral stability is 
tested in the coronal and sagittal planes in 0, 30, and 90 
degrees of flexion. The knee is carefully palpated for an effu¬ 
sion and to localize areas of tenderness. 

A detailed examination of the patellofemoral joint can 
reveal important dues. The overall alignment of the limb is 
noted and compared to the contralatéral side and the clinical 
Q angle is measured. The tracking of the patella is observed 
with full passive and active range of motion. Patellar appré¬ 
hension with laterally directed pressure supports the diagnosis 
of patellofemoral maltracking or instability. Anterior grinding, 
squeaking, or popping with range of motion is consistent with 
a loose or damaged patellar component. Finally, the function 


of the extensor mechanism is evaluated and weakness, an 
extensor lag, or complété dysfunction is noted. 

Imaging studies are also an important part of the clinical 
picture used in determining the etiology of patient symp¬ 
toms. Weight-bearing plain radiographs should be compared 
to ail available previous studies, and are used to assess for 
malalignment, wear, osteolysis, loosening, fracture, and 
extensor mechanism disruption. Scrutinizing the position of 
the limb at the time of imaging cannot be understated, as 
signs of pathology are often diffîcult to visualize. 22 To that 
end, fluoroscopy is often a valuable tool for imaging the knee 
in multiple angles at one time in order to identify signs of 
pathology. 

Evaluation of the patellofemoral joint with plain 
radiographs can be challenging. Berend et al. 18 reported on 
radiographie features associated with patellar component 
loosening. In order of average chronological progression, 
these features included bone-cement radiolucency, increased 
bone density, trabecular collapse, fragmentation and fracture, 
and latéral subluxation of the patella on the component 
(Fig. 24-1). When the patient présents with tibiofemoral fail- 
ure, it is important to inspect the radiographs for these signs 
of patellar component failure. While the sunrise view often 
demonstrates signs of maltracking, component malrotation 
and malposition are often diffîcult to assess. Computed 
tomography is suggested to evaluate these factors when 
maltracking is suspected. 

Nuclear medicine imaging modalities are used to assess 
for infection and component loosening. A positive techne¬ 
tium Tc-99m-labeled bone scan is nonspecifîc and indicates 
diagnoses such as infection, loosening, or stress fracture. 
A négative resuit is informative beyond the 2 years mark after 
the index arthroplasty. An indium In-111-labeled white 
blood cell scan is useful in evaluating for infection. A néga¬ 
tive resuit indicates a low probability of infection and a 
positive resuit warrants further workup for sepsis. Such 



FIGURE 24-1. Radiographie hallmarks of patellar component loosening. (A) Normal. (B) Collapse. 

(C) Fragmentation. (D) Latéral subluxation. (From Berend ME, RitterMA, Keating EM, étal: The failure of all-polyethylene 
components in total knee arthroplasty. Clin Orthop Relat Res 388:105-111, 2001, Figures 1-4.) 
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studies include a complété blood count, C-reactive protein, 
and érythrocyte sédimentation rate as well as a cell count, 
Gram stain, and culture of a joint aspirate. 17 

TREATMENT OPTIONS AND SURGICAL 
TECHNIQUES 

For patients presenting with patellofemoral symptoms, 
it is of utmost importance to identify the clear source of 
symptoms prior to performing an isolated patellar révision. 
When the surgeon cannot identify a source of patellar mor- 
bidity, nonoperative management is warranted. This strategy 
involves modalities such as activity modification, bracing, 
physical therapy, oral nonsteroidal anti-inflammatory 
médications, and assistive ambulatory devices. For symptom- 
atic patients who are found to hâve a source of patellar 
morbidity, the surgeon carefully considers an isolated patellar 
révision. When the likelihood of success outweighs moderate 
to severe symptoms and when a trial of nonoperative mea- 
sures has failed, then operative intervention is appropriate. 

With patients presenting for tibiofemoral révision, the 
surgeon évaluâtes the patella prior to and during surgery 
and takes several factors into considération in deciding the 
most appropriate management strategy. When problems 
such as severe component damage, gross loosening, and 
malpositioning are identified, the surgeon strongly considers 
revising the patella. For well-positioned and well-fixed com- 
ponents, the surgeon predicts the future survival of the pros- 
thesis by considering the type and design of the patellar, 
the quantity and pattern of wear, and the length of time 
the patella has been in place. When long-term survival is 
predicted, the surgeon leaves the patella unrevised, and when 
long-term survival is unlikely, patellar révision is considered. 

A wide variety of surgical techniques are used when 
patellar révision is indicated. For patients with a previously 
unresurfaced patella presenting with isolated anterior knee 
pain, primary patellar resurfacing is the best surgical option. 
In most cases, a previously unresurfaced patella has main- 
tained sufficient bone stock to allow for resurfacing at the 
time of révision. Primary patellar resurfacing is also the best 
option in patients with a previously unresurfaced patella 
presenting for tibiofemoral révision. 

Another surgical technique used for patellar révision is 
recementation of a new polyethylene component. After éver¬ 
sion of the patella, the meniscus that surrounds the periphery 
of the component is excised in order to gain exposure that 
allows for évaluation of the interface between the component 
and bone. At this point, the component is evaluated in terms 
of position, wear, and stability of fixation. In the setting of a 
grossly loose prosthesis, the component is easily removed 
from the wound, leaving residual cernent adhered to the 
undersurface of the patella. Prior to proceding with recon¬ 
struction, ail foreign material must be removed from the 
patella, as described later. 

In cases of a patellar component that is revised for an 
infection or a poor predicted survivorship, the surgeon is 
challenged by the feat of removing the entire well-fixed 


prosthesis. A thin oscillating saw blade and a high-speed 
bur are used to separate the bond between the cernent and 
prosthesis. Care must be taken to resect as little bone as 
possible in the process and to avoid thermal necrosis of 
the bone. A high-speed pencil-tipped bur is then used to 
rid the undersurface of the patella of remaining cernent and 
component fixation pegs. 

Once the prosthetic component and associated cernent 
hâve been removed from the patella, the quality and quantity 
of the remaining bone are carefully assessed. The surgeon 
must décidé whether the residual bone stock will sufficiently 
support a newly cemented component. In general, at least 
8 to 10 mm of healthy, vascularized bone is required to 
achieve this goal. Additionally, despite adéquate depth, a thin 
shell of patellar bone is unlikely to successfully support a 
cemented component. When the quality and quantity of 
the residual bone are determined to be sufficient, small 
defects may be filled with cancellous allograft and impacted 
using a reverse reaming technique. Using the appropriate 
jig, peg holes are then drilled remote from the sites of bone 
grafting. The new component is then cemented onto the 
patella in the standard manner. When only a shell of patella 
remains, it may be reasonable to cernent a biconvex polyeth¬ 
ylene component if the residual bone is able to provide 
sufficient structural support. 23 

When the residual patellar bone stock is determined to 
be insufficient, attempted révision with a newly cemented 
component could lead to early complications such as compo¬ 
nent loosening, fracture, and avascular necrosis. To that end, 
other reconstructive techniques are indicated in these cases. 
One option is to leave the remaining patella unresurfaced 
and to perform a patelloplasty in which the residual bone 
is trimmed for a reasonable fit within the trochlea of the 
fémoral component. When the remaining patella forms a 
thin shell of cortical bone, contouring to the fémoral sulcus 
can be challenging. In these cases, a reconstructive option 
is to use a sagittal osteotomy from the superior to inferior 
pôle of the patella, creating a “gull-wing” shape that better 
contours to the trochlear groove. 24 This strategy may help 
prevent maltracking and its associated symptoms. 

Although patelloplasty is technically simple, it has 
several disadvantages. First, despite the surgeon’s best effort, 
a significant mismatch between the residual patella and the 
trochlea of the fémoral component is impossible to avoid. 
Second, because the patella remains unresurfaced, the result- 
ing articulation is bone on métal. Last, the technique is 
associated with a high rate of complications, including avas¬ 
cular necrosis, fracture, maltracking (Fig. 24-2), and chronic 
anterior knee pain. 25 

In an attempt to address some of the disadvantages 
associated with patelloplasty, Hanssen described a bone 
grafting technique to be used when the residual patella bone 
stock is insufficient for révision with a newly cemented com¬ 
ponent. 26 By this technique, a tissue flap is harvested from 
one of several sources, such as the fascia lata within the 
latéral gutter. The tissue flap is sutured to the peripatellar 
fibrous tissue after the patella is prepared by exposing 
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FIGURE 24-2. The radiograph demonstrates a complication of 
resection arthroplasty and patelloplasty. Mismatch in the shapes of 
the patella and fémoral component sulcus leads to maltracking, 
which may resuit in chronic symptoms. ( From Robareck ch, Mehin R, 
Barrack RL: Patellar options in révision total knee arthroplasty. Clin Orthop Relat 
Res 416:84-92, 2003.) 


healthy bone. Prior to enclosing the patellar defect with the 
sutured tissue flap, the pouch is filled with cancellous auto- 
graft that had been harvested from the fémoral metaphysic 
prior to completion of the fémoral révision. The tissue flap 
is then completely closed in order to contain the graft 
(Fig. 24-3). The technique aims to restore patellar bone 
stock, maximize extensor function, improve patellofemoral 
tracking, and minimize pain through the use of an interposi- 
tional soft tissue graft. 

A more recently developed strategie option that can be 
used in managing cases of patellar révision with bone loss 
that precludes standard cementation of a polyethylene 
component is the use of trabecular métal technology. 27 By 
this method, the remaining bony shell and soft tissues are 
reamed with a hemispherical reamer in order to provide a 
healthy surface for attachment of the prosthesis. An appro- 
priately sized trabecular métal shell is positioned in the 
prepared patellar bed and fixed to the bone with heavy non- 
absorbable suture through peripheral holes provided on the 
prosthesis. A standard polyethylene component is then 
cemented to the trabecular métal shell. Provided that bony 
ingrowth occurs between the residual patella and trabecular 
métal, the technique provides a well-fixed component and a 
polyethylene-bearing surface against the trochlea (Fig. 24-4). 

Several salvage techniques are also available as options 
for patellar révision. Patellectomy involves the resection of 
ail of the remaining bone stock with the goal of improving 
symptoms related to bony impingement. The disadvantage 
of the technique is that it often results in quadriceps weak- 
ness and extensor mechanism lag. Careful attention to surgi- 
cal technique, using the Compere method, minimizes these 
risks. 28 The patella is resected from the surrounding soft 
tissue in the subperiosteal plane, taking care to avoid damag- 
ing the dorsal tendon fibers. Next, the médial border of 
the quadriceps tendon is brought underneath to overlap the 
latéral border, to which it is sutured. In forming this double 
thickness strap, the tendon is centralized, shortened, and 
tightened. The distal aspect of the vas tus medialis may also 



FIGURE 24-3. The figure demonstrates Hannsen's bone grafting 
technique. (A) The patellar shell is prepared. (B) A soft tissue graft is 
sutured to the patellar rim of bone and soft tissue. A small defect is 
left in the suture line to allow for bone graft filling. The tissue 
graft both contains the patellar pouch and behaves as an 
interpositional articular surface. (C) Bone graft is packed into the 
patellar pouch. (D) The suture line is closed. ( From Rosenberg AC, 
Jacobs JJ, Saleh KJ, et al: The patella in révision total knee arthroplasty. J Bone Joint 
Surg Am 85:S63-S70, 2003.) 

be advanced slightly distally and laterally in an attempt to 
tighten the construct. 

There are at least two salvage techniques that can be 
used for patients with extensor dysfunction. First, for 
patients with a prior patellectomy, it is possible to use a bone 
grafting technique in order to restore the biomechanical 
effect of the patella. 29 With this method, described by 
Buechel, a segment of iliac crest autograft is fashioned to 
mimic the shape of the patella and this block is sutured 
into a subsynovial pouch within the extensor mechanism 
(Fig. 24-5). Second, extensor mechanism allograft reconstruc¬ 
tion, a technique described in a separate chapter, can be used 
for salvage in patients with extensor mechanism dysfunction. 30 

The management of patella fractures is perhaps the most 
challenging aspect of patellar reconstruction in révision 
TKA. Clinical évaluation of periprosthetic patella fractures 
should focus on the integrity of the fixation of the compo¬ 
nent, the quality of the remaining bone stock, and the func¬ 
tion of the extensor mechanism. Fractures with minimal 
displacement and an intact prosthetic component and 
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FIGURE 24-4. Preoperative (A) and postoperative (B) latéral radiographs demonstrating a patellar 
reconstruction with a trabecular métal component. The component has been sutured to the fibrous tissue 
surrounding the remaining patella and a polyethylene button has been cemented to it. (From Nelson cl, Lonner 
JH, Lahiji A, et al: Use of trabecular métal patella for marked patellar bone loss during révision total knee arthroplasty. 

J Arthroplasty 18[suppl 1]:37-41, 2003.) 


extensor mechanism are best managed nonoperatively with a 
period of immobilization. 31 

The optimal surgical technique for operative peripros- 
thetic patella fractures dépends on the fracture pattern. As a 
guideline, loose components should be removed and the 
patella left unresurfaced after fracture fixation, as preparing 


and resurfacing the patella risks refracture postoperatively. 
Simple midsubstance fractures are treated with a tension 
band construct, a technically challenging procedure when 
the patellar component remains well-fixed. Fractures of the 
superior and inferior pôles of the patella are treated with a 
partial patellectomy and repair of the quadriceps or patellar 
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FIGURE 24-5. Patella bone grafting technique used 
for patients with a prior patellectomy. Iliac crest 
bone is harvested and fashioned in the shape of a 
patella. Drill holes are made in the graft, after which 
it is placed within a subsynovial incision made in the 
extensor mechanism. Suture is used to secure the 
bone within the pouch, through the drill holes, and 
the pouch is closed. ( Adapted from Buechel FF: Patellar 
tendon bone grafting for patellectomized patients having total 
knee arthroplasty. Clin Orthop 271:72-78, 1991.) 
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tendon. This technique affords better results than that of 
fracture fixation. Comminuted fractures may be approached 
with a partial or complété patellectomy or with a reconstruc¬ 
tion with a trabecular métal component. The use of trabecu- 
lar métal components is the newest strategy and allows for 
simultaneous fracture fixation and révision resurfacing. Last, 
difficult fractures with significant extensor mechanism 
dysfunction and fractures that hâve failed an initial attempt 
at operative intervention should be considered for extensor 
mechanism allograft reconstruction. 30 

TREATMENT OUTCOMES 

The rétention of the patellar prosthesis in the setting of 
tibiofemoral révision raises concerns of patellofemoral 
component mismatch and early subséquent failure. Lonner 
et al. 12 retrospectively reviewed outcomes of 202 révision 
TKA procedures involving the rétention of a well-fixed and 
well-positioned all-polyethylene patellar component with 
minimal wear. The authors found a 10% rate of anterior 
knee pain at an average period of 7.3 years. Fifty-two percent 
of these patients were found to hâve evidence of patellar 
component loosening, wear, or délamination. The only sig¬ 
nificant common denominator in these patients is that their 
components had ail been gamma-irradiated in air. Also of 
note, the majority of the tibiofemoral components in the 
sériés were of a different manufacturer than that of the 
retained patellar component, and this factor was not found 
to influence surgical outcomes. 

The results of patellar component révision hâve also 
been reported by several authors. Barrack et al. 32 retrospec¬ 
tively compared the results of rétention and révision of 
patellar components. Thirty-four cases involved rétention 
of a well-fixed and well-positioned component with minimal 
to no surface damage. Twelve of these patients had metal- 
backed components. The remaining 39 cases involved patel¬ 
lar component révision under indications such as loosening, 
wear, osteolysis, and malpositioning. For patients with 
metal-backed components, révision was undertaken only if 
the remaining bone stock would allow for reimplantation. 
The authors found equal and satisfactory short-term clinical 
and radiographie outcomes between the groups. Léopold 
et al. 33 investigated the success of isolated patellar compo¬ 
nent révision in 40 knees with a mean follow-up of 62 
months. The authors found a 38% rate of subséquent failure 
of the patellar component with about half of these patients 
pursuing further surgical intervention. 

Several authors hâve reported modest to poor outcomes 
with resection arthroplasty and patelloplasty when the patel¬ 
lar bone stock is insufficient for component reimplantation. 
Pagnano et al. 34 reported on 34 knees treated in this manner 
and found 10 patients with persistent anterior knee pain and 
five patients with complications, including instability, defor- 
mity, stiffhess, and extensor lag. Barrack et al. 35 compared 
the results of patients treated with patellar component 
révision to those treated with component resection. They 
found that patients treated with patellar component resection 


had lower postoperative clinical scores, more dissatisfaction 
with surgery, and more difficulty with stairs and daily 
activities. Parvizi et al. 22 also reported on 35 patients treated 
in this manner with an average follow-up of 7.9 years and 
found particularly poor results in patients treated with 
isolated patellar resection arthroplasty. 

The most recent development in approaching patellar 
révision is the use of trabecular métal technology. Nelson 
et al. 25 reported short-term results of 20 patients treated 
with a trabecular métal patellar shell and cemented polyeth- 
ylene for patellar component failure associated with marked 
bone loss. They found good to excellent results in 17 
patients and 3 patients with postoperative patellar pôle 
fractures. In an effort to better define the rôle of this 
technology in patellar reconstruction, Ries et al. 36 com¬ 
pared treatment outcomes in 7 knees with no residual bone 
stock to 11 knees with residual bone stock covering at least 
50% of the prosthesis. They found that ail of the recon¬ 
structions in the group involving no residual patella bone 
stock loosened within a year, with 2 sustaining extensor 
mechanism necrosis and discontinuity. Ten of the 11 knees 
in the group with bone stock covering at least 50% of the 
prosthesis remained stable at 1-year follow-up, with 
the remaining knee showing patellar component loosening 
secondary to infection. 

Outcomes relating to the management of periprosthetic 
patella fractures hâve been well studied. Keating et al. 37 
reported on the treatment of 177 periprosthetic patella 
fractures and found that nonoperative treatment generally 
resulted in good results, while operative treatment was asso¬ 
ciated with a high rate of complications. In a report of 
outcomes of the treatment of 78 periprosthetic fractures, 
Ortiguera and Berry 20 found that 82% of 38 patients with 
a Type I fracture were successfully treated nonoperatively. 
Three complications were noted in this group, including 
arthrofibrosis, subséquent component loosening, and symp- 
tomatic nonunion requiring fragment excision. Eleven of 
12 patients with a Type II fracture were treated surgically 
with fracture fixation or partial patellectomy with extensor 
mechanism repair. The authors found that operative 
management resulted in a high rate of failure and complica¬ 
tions. There were 28 Type III fractures with 20 treated 
operatively based on patient symptoms. Several surgical 
techniques were used, based on the quality of the remaining 
bone stock, including component removal, fracture fixation, 
component révision, patelloplasty, and partial or complété 
patellectomy. The authors found eight complications fol¬ 
io wing treatment of Type III fractures, with three requiring 
further surgery. 

AUTHOR RECOMMENDATIONS 

The management of the patella in révision TKA challenges 
treating surgeons. The importance of thorough preoperative 
clinical évaluation and préparation cannot be overstated. 
Patients with symptoms isolated to the anterior knee and 
without tibiofemoral pathology should be approached 
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cautiously. Isolated patellar component révision should only 
be considered in the setting of a clearly identified cause of 
symptoms, such as maltracking, component loosening, 
significant wear leading to bony impingement, and a previ- 
ously unresurfaced patella. Even in this idéal setting, a 
careful assessment of the risks and benefîts of surgery should 
be considered and the patients warned of the risks of failure 
and complications. 

In the setting of a tibiofemoral révision, the surgeon 
carefully évaluâtes the patella preoperatively and intraopera- 
tively in order to décidé the optimal management strategy. 
In ail circumstances, the surgeon weighs the risks and 
benefîts of the different treatment options to maximize the 
chance of successful treatment. When the surgeon décidés 
that long-term success can be predicted with the patella as 
it présents during the tibiofemoral révision, it should be left 
unrevised to avoid potential complications and to maintain 
maximal bone stock. 

The surgeon strongly considers patella révision if a 
source of pain is identified or if short term failure is 
predicted after intraoperative évaluation. Impending failure 
can be predicted on the basis of the presence of a metal- 
backed patellar component, a polyethylene sterilized by 
gamma-irradiation in air, or significant osteolysis or wear 
that will soon lead to component loosening or bony impinge¬ 
ment. In these cases, révision is recommended when the 
remaining bone stock allows for reimplantation. When this 
is not the case, the risks and benefîts of révision must be 
carefully weighed. Révision of the patella is always indicated 
in the setting of sepsis, as rétention of the patellar compo¬ 
nent risks persistence of the infection. We also recommend 
patellar resurfacing in the setting of tibiofemoral révision 
when the patella had not previously been resurfaced. 

When patella révision is indicated, the technique is cho- 
sen based on the quality and quantity of the remaining bone 
stock. When 8 to 10 mm of healthy bone remains after com¬ 
ponent resection, cementation of a new polyethylene compo¬ 
nent is advised. Attempts at reimplantation of a patellar 
component in the setting of poor bone stock risks early fail¬ 
ure secondary to avascular necrosis, fracture, or loosening. 
In these cases, resection arthroplasty is a reasonable option, 
but the surgeon must carefully assess the fit of the patella 
with the trochlea of the fémoral component in order to min- 
imize maltracking and impingement. In most cases, a patello- 
plasty is sufficient to optimize the matching of the shapes 
of the remaining patella and the trochlea of the fémoral com¬ 
ponent. When only a bony shell of the patella remains, 
a gull-wing vertical osteotomy or Hannsen’s bone-grafting 
procedure may be necessary to achieve this goal. When the 
quality or quantity of remaining bone precludes its salvage 
and in cases of failed resection arthroplasty, total patellec- 
tomy may be indicated. Careful technique is important in 
maximizing extensor mechanism function. 

Trabecular métal technology is the most recent advance- 
ment in patellar révision. When remaining bone stock 
precludes cementation of a new polyethylene component, 
the use of a trabecular métal component is a reasonable 


option. Achieving bony ingrowth of the remaining patella 
to the trabecular métal component restores a base that can 
hold a cemented polyethylene button. Care must be taken 
in evaluating the residual patella, as successful ingrowth 
likely dépends on a minimum amount of quality bone that 
contacts the trabecular métal component. It is important to 
note that while the technology is promising and early results 
are encouraging, mid- to long-term results of the technique 
hâve yet to be reported. 

Type I periprosthetic patella fractures should be 
managed nonoperatively and satisfactory results can be 
expected. In cases involving significant fracture displace¬ 
ment, component loosening, or extensor mechanism 
dysfunction, operative treatment is necessary and patients 
should be warned of the high rate of suboptimal outcomes 
and complications. Type II fractures are treated with frac¬ 
ture fixation, partial patellectomy with soft tissue repair, 
or total patellectomy. Type III fractures are treated with 
component removal and either patella reconstruction 
with a trabecular métal component, patelloplasty, or total 
patellectomy. Extensor mechanism allograft reconstruction 
is used as a salvage option and also as an early treatment 
option in select cases. 

SUGGESTED READING 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Infection following primary total knee arthroplasty can be a potentially devastating complication. This chapter will provide 

information to the reader concerning ways to help prevent the total knee infection from the host to surgical procedures and techniques. The 

diagnosis and types of infection will be detailed along with the current surgical treatment options and clinical outcomes reported in the literature. 

IMPORTANT POINTS: 

1. Host factors including, albumin, total lymphocyte count, absolute white blood cell count, and tranferrin levels are ail implicated in measuring 
preoperative risk of surgical site infection. 

2. The operating room environment is very important to lowering bacterial counts and includes air turnover rate, laminar flow, use of personal 
ventilation suits, and traffic in the operating room. 

3. Postoperatively, the risk of hematoma formation should be minimized since this can significantly increase the risk of acquiring a postoperative 
primary total knee arthroplasty infection. 

4. Diagnosis of infection often involves multiple tests including blood work, imaging, joint aspiration, and frozen sections to accurately detect an 
indolent infection. 

5. Chronic infections are treated by two-stage surgery with removal of implants and placement of an antibiotic spacer and 6 weeks of intravenous 
antibiotics with second-stage révision total knee arthroplasty surgery performed from 6 to 12 weeks once documentation of infection éradica¬ 
tion has taken place. 

CLINICAL/SURGICAL PEARLS: 

1. Pain is the first sign of infection and ail painful primary total knee arthroplasties need to hâve an infection workup completed. 

2. Proper utilization of a cookbook approach to ruling out an infection in a painful total knee arthroplasty can be a helpful approach to détermine 
the diagnosis. 

3. Surgically, when taking frozen sections, these should be taken from five different areas intracapsularly including the intramedullary canals of the 
tibia and fémur. 

4. Nonarticulating spacers should completely cover ail exposed bone to minimize bone loss for the stage II reimplantation procedure. 

5. Proper balancing of the articulating spacer needs to be performed to prevent instability and early failure of the spacer. 

CLINICAL/SURGICAL PITFALLS: 

1. Incomplète workup of a loose total knee arthroplasty leads to repeat failure of révision from presence of an indolent infection. 

2. Relying on any one diagnostic study to rule out the presence of infection is not advisable. 

3. Incomplète coverage of bone with a static spacer leads to excessive bone loss for the stage II procedure. 

4. Improper sizing of static spacer leads to subluxation or dissociation of the spacer. 

5. Not ruling out host response to stage I surgery prior to reimplantation of implants leading to repeat infection of stage II révision. 

VIDEO AVAILABLE: 

1. Articulating spacer mold application Length 1:30 

2. Static spacer technique Length 1:25 


HISTORY/ INTRODUCTION/ SCOPE 
OF THE PROBLEM 

Infection following total knee arthroplasty can be a challeng- 
ing problem for the surgeon as well as a devastating compli¬ 
cation to the patient. The overall risk of infection after a 


primary total knee arthroplasty in the literature has been 
reported from 1% to 2%, and the estimated cost for treat¬ 
ment of an infected total knee arthroplasty (TKA) taking into 
account inflation and increases in health care is well over 
$60,000. * 1 2 3 4 5 
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Any classification method that describes the mechanisms 
of bacteria entry into the joint or that is based on the timing 
of the diagnosis of infection after surgery has very limited 
usefnlness in either identifying the spécifie cause of infection 
or formulating préventive measures for periprosthetic infec¬ 
tions. 2 Classification Systems may, however, be helpful in 
guiding the surgeon to a proper treatment plan. 

The high success rate with antibiotic therapy alone as 
seen for other bacterial infections has not been achieved in 
total joint infections. This is due to the fact that the variable 
and often unknown mechanism and timing of the seeding of 
the infection, along with the fewer number of phagocytic 
cells, the presence of biofill on the implant surface, and lim¬ 
ited delivery of antibiotics to the bone and joint, are among 
some of the unpredictable and limiting factors that hâve time 
and again forced us to realize that “Prévention is the best 
treatment.” 

Any discussion on préventive measures has to recognize 
the critical relationship between the bacteria, the host, and 
the environment in which they interact (Fig. 25-1). The 
events that are necessary for an infection to take place 
dépends on a number of factors including the number, viru¬ 
lence, and pathogenicity of the bacteria. In any given surgical 
site, the host’s ability to mount an inflammatory response to 
fight the bacteria load as well as the local wound conditions 
that exist and the environment surrounding these conditions 
play a major rôle in whether an infection takes place. This 
triad can be affected by a number of factors, and any imbal¬ 
ance or breach may provide the opportunity for bacteria to 
initiate the vicious cycle necessary for the infectious process 
to take hold within the surgical site of the host. 

The old adage that an ounce of prévention is worth a 
pound of cure is especially appropriate in the realm of pri- 
mary TKA. Any préventive measures must focus on optimi- 
zation of the épidémiologie triad described earlier. The 
wound environment and the nutritional status of the host, 
as well as its ability to fight infection and minimize bacterial 



FIGURE 25-1. The épidémiologie triad showing the relationship with 
the causes of infection in the center of the diagram. 


contamination into the wound, are ail foci that the surgeon 
needs to take into considération. It requires a coordinated 
effort during the preoperative, operative, and postoperative 
time periods that involves input from the primary care physi- 
cian, anesthesiologist, and operating room ancillary staff to 
optimize the process. 

The goal of treatment for a periprosthetic TKA infec¬ 
tion is, first, éradication of the infection with restoration of 
a well functioning painless joint. The outcome in these cases, 
however, is not always favorable. There always exists the real 
chance that the end resuit could be an arthrodesis or an 
amputation. On some rare occasions, the only realistic 
option may be to suppress the infection with continued oral 
antibiotics while retaining the prosthesis, but this option is 
for those patients whose surgical risks outweigh the benefits 
of the surgery along with an identified bacterium of low 
virulence. 

HISTORY AND PHYSICAL EXAMINATION 

Diagnosis of the painful TKA should start with careful his- 
tory taking and should identify host factors that may prédis¬ 
posé the patient to infection. A history of postoperative 
drainage or a hematoma may also be helpful in identifying 
a patient at risk. The physical examination should look for 
knee effusion, warmth, erythema, tenderness, nighttime pain, 
painful range of motion, and history of drainage or hema¬ 
toma after the index procedure. There is usually complété 
absence of any constitutional symptoms or systemic signs 
and symptoms of infection. 

Pain is a strong associated factor, and infection should 
be considered in any persistently painful TKA or an acute 
onset of pain in a previously well functioning TKA. 1 
The timing of infection can hâve a significant impact on 
the outcome and is used for guiding treatment decisions. 

In a TKA that had been well functioning and pain free 
that présents with an acute onset of symptoms, there should 
be a detailed history concerning any previous ailments or 
suspicion of hematogenous sources of infection (upper respi- 
ratory infection, urinary tract infection, dental procedures, or 
abscesses). Diabetics should hâve a complété physical exami¬ 
nation of their feet to rule out presence of any foot ulcers or 
secondary skin sources of infection as well. The history 
and physical examination remain the initial cornerstone of 
the workup in a painful TKA and thus start the process of 
determining the diagnosis of an infection. 

INDICATIONS/CONTRAINDICATIONS 

The indicated treatment of the infected total knee replace¬ 
ment dépends on multiple factors. These factors include exist- 
ing patient comorbidities, time of diagnosis from the index 
surgery, and in some cases the virulence of the organism. 
The indicated treatment strategy includes rétention of the 
implants with irrigation debridement and polyethylene insert 
exchange, removal of implants and placement of a static or 
articulating polymethylmethacrylate antibiotic spacer, direct 
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exchange, and/or infusion of appropriate antibiotic therapy. 
In the récurrent or chronic infection case, knee fusion or 
possibly amputation may also be indicated. This chapter will 
outline the approach to preventing, diagnosing, and treating 
the infected total knee replacement. Since the indications first 
dépend on diagnosis and where in the classification System 
the type of infection is located, then ail of these issues will 
be covered in detail. 

Patient-Dependent Factors 

Nutritional Status 

Malnutrition adversely affects the following humoral and 
cell-mediated immune functions: neutrophil chemotaxis, 
bacterial phagocytosis, neutophil bactericidal function, 
delivery of inflammatory cells to infectious foci, and sérum 
complément components. 3,4 Nutritional status of a patient 
can be determined by anthropométrie measures (such as 
muscle mass, triceps skin fold thickness, weight-height 
ratio, arm muscle circumference), measurement of cell types 
(lymphocyte count < 1500/mm 3 is associated with increased 
risk for infection 3 ), sérum albumin levels (levels <3.5 g/dL 
hâve been shown to increase wound complications), and 
sérum transferrin levels (hâve been shown to be a very sen¬ 
sitive indicator of wound complications 3 ). The additive 
history of recent weight loss of greater than 10% has also 
been associated with increased wound complication rate 
and should be asked by the physician on interviewing the 
patient. 

The nutritional index of Rainey-MacDonald is a useful 
screening tool for determining the nutritional index of a 
patient. The formula is (1.2 x sérum albumin) + (0.013 x 
sérum transferrin) — 6.43. If the sum is 0 or a négative num- 
ber, the patient is nutritionally depleted and is thus at a 
higher risk for sepsis. Jensen et al. 4 determined that 42% of 
the patients undergoing elective orthopédie surgery were 
malnourished and that the number of comorbidities that 
patients possess were positively correlated to the rate of 
infection and incidence of complications. Length of stay 
has also been positively correlated to these same higher inci¬ 
dences of infection and complications. 5 

Immunologie Status 

Our ability to fight infection is directly correlated to our abil- 
ity to initiate an inflammatory (cell mediated) and immune 
(antibody-mediated) response to the invading organism. The 
mechanisms involved are (1) neutrophil response, (2) humoral 
immunity, (3) cell-mediated immunity, and (4) the réticuloen¬ 
dothélial System. Any malfimction of the above, from either 
congénital or acquired causes, would prédisposé the patient 
to an infection by spécifie groups of opportunistic organisms. 
Abnormal humoral and cell-mediated immune deficiencies 
can lead to infections by encapsulated bacteria in infants and 
elderly subjects, pseudomonas infections in heroin addicts, 
and Salmonella and pneumococcal infections in patients with 
sickle cell anémia. Neutrophil counts of less than 55/mm 3 


are associated with increased risk for infections with Staphylo- 
coccus aureus , gram-negative bacilli, Aspergillus , and Candida. 
Diabètes, alcoholism, malignancy, and chemotherapy are ail 
causes for neutrophil abnormalities that need to be taken into 
considération for risks of infection. 

Immunoglobulin and complément factors play crucial 
rôles in humoral immunity. Splenectomy or hypogammaglo- 
bulinemia prédisposé to infections by encapsulated bacteria 
such as Streptococcus pneumoniae , Haemophilus influenzae , and 
Neisseria. Defects in the complément cascade prédisposé 
patients to S. aureus and gram-negative bacillus, while hypo- 
gammaglobulinemia also prédisposés to infections by rare 
organisms like Mycoplasma pneumoniae and Ureaplasma 
urealyticum. 

Cell-mediated immune response is a resuit of interaction 
between T-lymphocytes and macrophages. Although primary 
cell-mediated immune deficiencies are rare, secondary cell- 
mediated immune deficiencies are common. Steroid therapy, 
malnutrition, lymphoma, systemic lupus erythematosus, 
immune deficiencies in elderly, and autoimmune deficiency 
syndromes can ail prédisposé to fungal, mycobacterial, 
herpes, and Pnemocystis carinii infections. 

Anesthetic agents also hâve an immunosuppressive effect 
on the patient, and the use of régional anesthésia may hâve a 
slightly lower incidence of infection. 6 Transfusion of homol- 
ogous blood products has been associated with a slightly 
lower incidence of postoperative infection compared to 
autologous blood transfusion (less immunologie modulation 
of the récipient). 7 

Ectopic Sources of Infection 

Many of these sources of infection are targeted for discovery 
during the preoperative workup of the patient. Dental caries, 
infections of the genitourinary tract infections, pulmonary 
infections, and skin ulcers are common potential source for 
seeding of the primary total knee replacement in the postop¬ 
erative period. Psoriatic plaques adjacent to the opérative 
site, thin atrophie skin, abrasions/folliculitis, venous stasis 
ulcers, toe web space ulcers, and infected toenails can be 
associated with a higher rate of infection, and these must 
be identified and treated appropriately before surgery. 8 Réc¬ 
ognition of many of these sources involves a thorough 
history and physical examination prior to the operative 
procedure. The surgeon must remember that other primary 
care physicians may not realize the importance of these listed 
sources of bacterial seeding, nor may the patient. Therefore, 
it is the surgeon’s obligation to make sure ail of these issues 
are addressed in the preoperative time period. 

Surgeon-Dependent Factors 

Surgeon-dependent factors are by définition ones that are 
under the easiest control by the surgeon. Spécifie routines 
that are developed by the surgeon can help the staff to adhéré 
to many guidelines that can make a différence in the inci¬ 
dence of postoperative infection rates. 
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Skin Préparation 

Although it may not be possible to completely disinfect 
the skin, significant réduction in the number of pathogens 
can be achieved before surgery. The skin and hair can be 
sterilized by application of the most common substances, 
including alcohol, iodine, hexachlorophene, or chlorhexi¬ 
dine. One must remember that it is not possible to sterilize 
the hair follicles and sebaceous glands, which normally 
harbor bacteria. 9 Hair removal or shaving should be done 
only in the operating room immediately before surgery to 
minimize bacterial contamination and reproduction, and 
electronic shaving devices are better than mechanical blades 
so that the hair follicles and glands are not invaded prior to 
surgery. 10 

Along the same lines of considération, skin barriers also 
help reduce the contamination during surgery. Plastic surgical 
adhesive drapes reduce wound contamination by preventing 
latéral migration of the skin bacteria. One should remember 
that normal recolonization of the skin occurs within 30 min¬ 
utes. However, a plastic drape impregnated with slow-release 
iodophor effectively éliminâtes any skin colonization for up to 
3 hours. 11 Application of povidone-iodine solution to the skin 
margins to reduce the bacterial colony count is a useful 
method to reduce contamination. Vigorous scrubbing of the 
operating site should be avoided during preparing the site, 
as it may be counterproductive by increasing the bacterial 
counts by releasing harbored bacteria from follicles and seba¬ 
ceous glands. 

Some of the same issues listed above concerning skin 
préparation of the surgical site are applicable to hand scrub¬ 
bing by operating room staff and the surgeon. The optimum 
antiseptie agent and the proper duration for surgical hand 
scrub are not clear, but applications of Betadine-Povidone, 
Avagard, alcohol povidone-iodine, alcohol chlorhexidine, 
foam alcohol, and hexachlorophene foam compound hâve 
ail provided excellent bactericidal action. 9-11 

Prophylactic Antibjbtjcs 

A number of studies hâve shown the efficacy of prophylactic 
antibiotics in reducing infection rates after orthopédie proce¬ 
dures. 14 During the first 24 hours after surgery, the incidence 
of an infection dépends on the number of bacteria présent that 
the host can successfully mount a response that eradicates the 
bacterial load. In the first 2 hours, the host defense mechan- 
isms decrease the overall number of bacteria. However, during 
the next 4 hours, the number of bacteria remains fairly con¬ 
stant, with the bacteria that are multiplying and those that 
are being killed by the host defenses being roughly equal. 

It is the first 6 hours after surgery that is called the golden 
period , after which the bacteria multiply exponentially. 
Antibiotics decrease bacteria multiplication and thus ex- 
pand the golden period. A good prophylactic antibiotic is 
one that is safe, bactericidal, and effective against the most 
common organisms responsible for infection— S. aureus , 
S. epidermidis , Escherichia coli , and Proteus. The first-generation 
cephalosporins are nontoxic, inexpensive, and effective 


against the most potential pathogens in orthopédie surgery. 
In patients who are allergie to penicillin, vancomycin may be 
the alternative antibiotic of choice. A maximal dose of antibi¬ 
otic should be administered 30 to 60 minutes before the skin 
incision and at least 10 minutes before inflation of the tourni¬ 
quet. During the procedure, antibiotics should be re-dosed 
every 4 hours or whenever the blood loss exceeds 1000 
mL. 16 Many studies hâve shown that 24 hours of antibiotic 
therapy is just as effective as 48 or 72 hours, and most autho- 
rities recommend a single preoperative dose of antibiotics 
followed by two or three postoperative doses to reduce the 
possibility of antimicrobial toxicity and to prevent develop¬ 
ment of résistant organisms and reduce unnecessary costs. 15 

The rôle of antibiotic irrigation is still not well estab- 
lished in orthopedics. However, several studies hâve shown 
a decrease in colony counts in wounds and a decrease in 
infection rates with the use of antibiotic irrigation in general 
surgical procedures. Triple antibiotic irrigation (neomycin, 
polymyxin, and bacitracin) is currently one of the most 
favored solutions in use. 16 

Local Wound Environment 

Careful preoperative assessment and planning are required to 
minimize the risk of infection in patients with advanced vas- 
cular disease, multiple scars from previous surgeries, history 
of infection, and psoriatic lésions over operative sites. 2,8 
The relatively subeutaneous position of the knee joint makes 
infection more common compared to the more deep-seated 
joints. 17 Meticulous closure and good wound care in the 
postoperative period help in reducing the overall incidence 
of infection. Prolonged operative time also has an impact 
on the rate of deep prosthetic infection. 2 

The well-thought-out use of preexisting scars around 
the knee is essential to reduce the skin complications, and 
such preexisting scars should be excised, unless it compro¬ 
mises the wound closure. Ail attempts should be made to 
use the lateralmost previous incision for surgery in order 
to optimize the blood supply to the subeutaneous flap. 
Gentle handling of the tissues, avoiding prolonged use of 
self-retaining retractors and racks, as well as avoiding the 
dissection of subeutaneous tissue from underlying fascia ail 
help to prevent devitalization of the subeutaneous tissues. 
Faulty placement of sutures strangles the tissue and facilitâtes 
infection. Meticulous closure of the joint capsule and subeu¬ 
taneous tissues to avoid dead space and careful homeostasis 
both help to reduce the incidence of postoperative hematoma 
formation. 

The routine use of drains for total knee replacements is 
controversial, and many recent studies suggest equivocal 
results. Good-layered closure with epidermal apposition 
provides early sealing of the wound and minimizes wound 
drainage. Watertight closure of the joint capsule prevents 
deep seeding from a superficial infection or stitch abscess. 
Chemical composition of the suture is an important déter¬ 
minant of infection in the presence of wound infection and 
contamination. Monofilament absorbable synthetic suture is 
associated with a lower rate of infection than braided 
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absorbable synthetic suture. 19 Although the exact effects of 
spécifie physical or chemical properties of implants for total 
joint arthroplasty are not known, studies suggest that spécifie 
biomaterials do influence bacterial adhesion to the implant 
surface. Coagulase-negative staphylococci exhibit preferen- 
tial adhesion to polymers, while coagulase-positive staphylo¬ 
cocci adhéré more readily to metals. 20 Bacteria al ter their 
metabolic characteristics and antibiotic susceptibility after 
adhering to biomaterials, and bacteria adhèrent to methyl- 
methaacrylate show very high résistance to antibiotics com- 
pared with those that are adhèrent to metals. 21 

Experimental studies and many clinical trials hâve found 
no différence in the infection rates between uncemented and 
cemented implants. Antibiotic-impregnated cernent is 
becoming popular as it has been shown to lower the inci¬ 
dence of infection but has some inhérent problems such as 
weakening of bone cernent, promoting emergence of résis¬ 
tant organisms, and possible allergie reaction. 22 The avail- 
ability of premixed antibiotics such as tobramycin (Simplex 
Tobramycin; Stryker Orthopaedics, Mahwah, NJ) or genti- 
micin (Smartset GHV; Depuy, Inc. Warsaw, IN) has led 
many surgeons to include their use in primary TKA or in 
patients who hâve known comorbidities that may increase 
their chances of infection. Only long-term studies will reveal 
if this practice will decrease infection rates without increas- 
ing the rate of aseptie loosening, however. The Swedish joint 
registry has now confïrmed a decreased incidence of primary 
TKA infection but has shown a trend to more résistant 
organisms, which may not be bénéficiai in the long run. 

Operating Room Environment 

Clean Air 

Airborne bacteria are another source of wound contamina¬ 
tion. They are usually gram positive and originate exclusively 
from the staff in the operating room. Studies hâve shown that 
each individual in the operating room sheds 5000 to 55,000 
particles per minute. Interestingly, premenopausal females 
shed significantly fewer bacteria than postmenopausal 
females and males. 23 A conventional operating room may 
contain as many as 10 to 15 bacteria per cubic feet and as 
many as 250,000 particles per cubic feet. A laminar airflow 
System can reduce this by 80% and the use of a personnel 
isolator System further reduces the airborne bacterial 
contamination. 24 Clean air is optimally provided by a com¬ 
bination of laminar flow, vertical airflow Systems, use of 
Personal isolator suits, and a room air exchange turnover rate 
of more than 300 times an hour. 24 Body exhaust suits reduce 
the bacterial counts in the room air, and vertical laminar air¬ 
flow System is more effective than horizontal airway Systems. 

Ultraviolet light has also shown to decrease the inci¬ 
dence of wound contamination by reducing the number of 
airborne bacteria. 25 This concept although first introduced 
in 1936 and has not been very popular as there is lack of con¬ 
clusive evidence about its efficacy and there are concerns 
regarding personnel exposure in the operating rooms. 


However, ultraviolet light is very cost effective and a good 
alternative to laminar airflow Systems. 26 

Methods of Reducing Bacterial Contamination 
and Optimization of Wound Environment 

There are several important practices that help in optimizing 
the wound and the operating room environment, and their 
application may help in lowering the incidence of infection. 
Some of these may be obvious, and others hâve already been 
alluded to previously in this chapter. Sometimes the initia¬ 
tion of some of these practices is not realized by surgeons 
as they may be involved with other duties such as dictating 
while some of these occur. It has been shown that avoiding 
the use of ward beds in the operating room can affect infec¬ 
tion incidence. Along the same lines, restricting traffic in and 
out of the operating room can decrease bacterial counts as 
well. This can be accomplished by providing signs and 
temporary barriers to staff from a main corridor so that per¬ 
sonnel can only enter the operating room through a sub- 
sterile corridor or use a téléphoné to call into the room 
(Fig. 25-2). Identification of personnel who are part of the 
surgical scrub team as bacterial shedders can also aid in 
decreasing the risk of primary infection as well. Other points 
that may reduce the incidence of bacterial contamination 
include clamping off of suction tips to avoid continuous air 
flow through the sucker tip and increased déposition of air¬ 
borne pathogens on the tip of the sucker. The use of imper- 
vious gowns and drapes over cloth has also been shown to 
be help fui. 2 7 It may be bénéficiai to change sucker tips every 
30 to 45 minutes to help prevent this from occurring. 28 Let- 
ting the scrub technician know that use of a water basin to 
keep instruments in that return to and from the operative 
field is a technique that should be avoided can be helpful as 



FIGURE 25-2. Temporary barriers and signs can be used in the 
operating room to keep traffic to a minimum. 
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well. 29 Pulsatile lavage can remove as much as 99% of wound 
contaminants and can be added to the operative regimen to 
aid in decreasing contamination of the operative site as 
well. 30 

There are multiple issues that the anesthesiologist can 
address during the operation that can decrease the risk of 
operative site infection as well. One of these is to ensure 
the proper timing of prophylactic antibiotic administration. 
This is usually the responsibility of the anesthésia team, 
and they should be educated on its signifïcant importance. 

The monitoring of the patient’s température is a concern 
most orthopédie surgeons are aware of during trauma proce¬ 
dures but not as focused on during elective procedures. 
Patient température and risk of surgical site infection in an 
elective setting hâve been determined, however. Hypother- 
mia has been shown to cause vasoconstriction, and this 
further reduces the blood supply to the operative site and 
makes it more susceptible to infection. 31 

Diabètes is a relatively common comorbidity in many 
patients. Well-controlled diabètes with blood glucose level 
less than 200 mg/dL during the operative procedure to 
decrease risk of surgical site infection has been reported. 32 

Anesthésia traffic should to be kept to a minimum as 
well. Explaining the importance of this to the anesthésia 
team as well as posted reminders and barriers as stated in 
the previous paragraph can be helpful as well. Ultimately, it 
takes a multidisciplinary approach to keep ail related services 
involved in patient care on the same page concerning ail of 
these risk factors to minimize the incidence of surgical site 
infection in primary total knee replacement. 31,33 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

It is important to watch for ail risk factors and address the 
postoperative factors that may contribute to infection. A 
rapidly expanding hematoma may need timely évacuation 
and debridement as the pressure on the surrounding tissues 
may devitalize the adjacent tissues and reduce the influx of 
antibiotic in the operative site. 33 Hematoma also provides 
a prime milieu for bacterial prolifération. Superficial skin 
necrosis should be treated aggressively, and serous wound 
drainage should be treated initially with compressive dress- 
ing and prophylactic antibiotic coverage; however, any per¬ 
sistent drainage should be treated in the operating room 
with open irrigation and debridement. 

Prévention in Early Postoperative Period: 
Hematogenous Infection 

In the early postoperative period, the hematoma around the 
operative wound is susceptible to hematogenous seeding 
with any épisode of bacteremia. 34 Ail intravenous lines and 
indwelling cathéters should be removed as soon as possible. 
It is advisable to maintain oral antibiotic coverage for any 
indwelling cathéter in the urinary tract. Although it is very 
difficult to document bacteremia-preceding infection, it is 


very important to treat remote infections of the urinary tract, 
respiratory tract, skin, and overt dental infection in order to 
prevent any hematogenous seeding. 34 

The common risk factors, which may also prédisposé to 
such infections, are rheumatoid arthritis and use of structural 
bone grafts. 34 The total joint implants are surrounded by an 
immunocompromised fîbroinflammatory zone, wherein the 
particle débris stimulâtes the macrophages leading to super¬ 
oxide radicals, and a self-perpetuating cytokine-mediated 
tissue damage cascade is created. This causes a progressive 
enlargement of the immunocompromised fïbro inflammatory 
zone. 20,35 This typically leads to osteolysis, but hematoge¬ 
nous seeding of this immunocompromised zone can occur. 35 
Antimicrobial prophylaxis is generally recommended for 
high-risk patients with a prosthetic joint any time they hâve 
a dental procedure or an invasive procedure like endoscopy, 
colonoscopy, cystoscopy, and so on, although there is 
conflicting evidence in the literature and no definitive guide- 
lines are universally agreed on. 

Radiologie Studies 

Radiographs must be studied carefully for signs of loosening 
of the implant, bone résorption at bone-cement interface, 
scalloping at the cement-bone interface, cyst formation, peri- 
osteal new bone formation, periprosthetic bone résorption, 
and ectopic bone formation 2 (Fig. 25-3). Progressive pros¬ 
thetic loosening is the most consistent radiographie finding 
(bone destruction is not obvious on plain films until an infec¬ 
tion has been présent for 10 to 21 days and a lytic lésion is 
seen only when 30% to 50% of bony matrix has been 
destroyed/lost). 2 Conventional tomograms and arthrograms 
hâve very limited rôle in the diagnosis of TKA infections 
and are largely of historical interest. 

Laboratory Studies 

The complété blood count including differential, érythrocyte 
sédimentation rate (ESR), and C-reactive protein (CRP) are 
obtained as an initial investigation. The white blood cell 



FIGURE 25-3. Anteroposterior and latéral radiograph showing 
scalloping under the tibial base plate and periosteal reaction at the 
superior aspect of the anterior flange of the fémoral component. 
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count is not a reliable indicator of infection and can be 
normal or low in the presence of an infection; however, 
the differential usually shows an increase in neutrophils. 1,3 
The ESR becomes elevated in the presence of infection; peak 
élévations are seen at 3 to 5 days after the onset of infection 
and values return to normal after 3 weeks of treatment with 
éradication of infection. 4 ESR is unreliable in patients on 
steroids or who hâve anemia/polycythemia or sickle cell dis- 
ease or when symptoms are présent for less than 48 hours. 4,5 
CRP is an acute-phase protein, which is synthesized in the 
liver in response to infection and rises within 6 hours of 
infection, reaching its peak in 2 days after infection; it returns 
to normal within 1 week of adéquate treatment/eradication 
of infection. 4,5 The CRP level is normal in individuals with 
aseptie loosening but remains elevated in those with septic 
loosening. 6 

Aspira te from the knee joint should be sent for synovial 
fluid analysis, culture, and antibiotic sensitivity. In septic 
arthritis, the cell counts are typically greater than 80,000 
with more than 75% cells being neutrophils; however, in a 
TKA, a leukocyte count of greater than 1.7 x 10 9 /L in the 
aspirate or a prédominance of polymorphonuclear leukocytes 
of greater than 65% is both sensitive (94% to 97%) and spé¬ 
cifie (88% to 98%) when there is clinical evidence of in¬ 
fection. 7 When both CRP and ESR are elevated, the 
probability that a positive aspirate will confirm an infection 
is about 90%. 7 Recent studies hâve suggested that patients 
with a prosthetic implant with a leukocyte count less than 
2000/mL and a differential of<50% neutrophils in synovial 
fluid hâve a 98% prédictive value for absence of infection. 7 
Parvizi et al. 9 hâve also shown that joint aspirations with a 
cell count of 1700 or greater is prédictive of joint infection. 
This is much lower than the historical values for septic 
arthritis of the knee. 

A Gram stain should also be ordered, and culture and 
sensitivity results should be obtained where possible (bacteri- 
ological culture is the historié gold standard test for infection 
but is positive in only around one third of the cases). 9 Cul¬ 
ture of superficial wounds or sinus tracts is unreliable and 
misleading. The preferred specimens are joint aspirate, deep 
wound biopsy, or bone biopsy (femoral/tibial canal). The tis- 
sue culture specimens should be placed in small C 02 -filled 
containers to reduce exposure to air. For fungal infection, 
a 10% KOH wet mount préparation is helpful for detecting 
fungal morphology. 

The presence of acute inflammation in periprosthetic 
soft tissue specimens is spécifie for infection. Acute inflam¬ 
mation is described as from greater than 1 to greater than 
10 neutrophils per high-power field (5 polymorphonuclear 
leukocytes per high-power field has a sensitivity of 82% to 
84% and a specificity of 93% to 96%). 10 It is further sug¬ 
gested that multiple samples from most suspicious régions 
should be sampled and areas with most florid inflammatory 
cells should be assessed, and at least 10 high-power fields 
should be examined to obtain an average count. 11 

In a recent study, Parvizi et al. 8 outlined the diagnostic 
criteria for periprosthetic infection as the fulfillment of three 


of five criteria, which included (1) a CRP level of greater 
than 1 mg/dL, (2) an ESR of greater than 30 mm/hr, (3) a 
positive joint aspiration culture, (4) a purulent intraoperative 
tissue appearance, and (5) a positive intraoperative culture, 
and defined aseptie failure as prosthetic failure that did not 
meet the criteria for joint infection described above. 

Polymerase Chain Reaction Test 

The molecular diagnostic tests for the détection of infections 
are largely experimental. The polymerase chain reaction 
technique aimed at bacterial 16 rRNA DNA sequence holds 
promise for early détection of infection but currently has a 
high false-positive rate. A drawback of this technique is that 
it cannot differentiate between live and dead bacteria. It is 
hoped that in the near future, molecular diagnostic tests will 
be available that can identify the spécifie bacteria responsible 
for producing infection even if prophylactic antibiotics hâve 
been empirically started. However, a recent study aimed to 
assay the polymerase chain reaction for rapid genomic détec¬ 
tion of methicillin résistance in staphylococci (mecA gene) 
showed that polymerase chain reaction is a rapid and reliable 
approach. 18 In this study, Tarvin et al. 18 validated the feasi- 
bility of the molecular approach by using a septic arthritis 
model consisting of 73 synovial fluid samples inoculated with 
methicillin-resistant staphylococci and four négative Con¬ 
trols. mecA polymerase chain reaction then was performed 
on 35 clinical samples from 18 patients obtained at the time 
of révision arthroplasty. Results of the polymerase chain 
reaction were compared with those of culture. They found 
that mecA polymerase chain reaction successfully predicted 
the presence of methicillin-resistant staphylococci in the sep¬ 
tic arthritis model. In the clinical samples studied, the poly¬ 
merase chain reaction results were concordant with culture 
results in 34 of the 35 samples tested. The one discordant 
resuit represented a false-positive culture resuit. The molec¬ 
ular assay was processed in less than 5 hours compared with 
2 to 3 days for culture. The authors concluded that the 
détection of methicillin-resistant staphylococci involved in 
periprosthetic infections by the polymerase chain reaction 
is a rapid and reliable approach. 

Radionuclide studies 

Technetium 99m Phosphate 

This is the most common radiographie Scan used for the 
painful TKA after plain radiographs. The uptake of this is 
primarily due to osteoblastic activity and to régional blood 
flow as well. After the intravenous injection, the technetium 
is distributed to the extracellular compartment and up to 
50% bony uptake occurs within 1 hour. The kidneys excrete 
the rest of the radioisotope. A three-phase study is performed 
and the images are taken in (1) the flow phase—it shows 
blood flow, similar to radionuclide angiogram; (2) the immé¬ 
diate or equilibrium phase—shows relative vascular flow and 
distribution of the radioisotope in the extracellular space; and 
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FIGURE 25-4. Typical positive bone scan of an infected total knee 
arthroplasty in the anteroposterior view. Note the increased uptake in 
the bone profiling the fémoral and tibial component. 


(3) the delayed phase—usually 2 to 4 hours after the injection 
when most of the isotope has been excreted. This shows 
osteoblastic activity and indicates osteomyelitis, tumors, 
degenerative joint disease, trauma, and postsurgical changes 
(Fig. 25-4). It can detect osteomyelitis within 48 hours of 
its onset. The sensitivity and positive prédictive value is 
around 30% to 38%, and the specifîcity and négative prédic¬ 
tive value are between 80% and 89%. 13 



FIGURE 25-5. Indium white blood cell—labeled anteroposterior scan 
of an infected total knee arthroplasty showing uptake around the 
fémoral and tibial components of the left knee. 


Technetium 99m Sulfurgolloid 

A combined study consisting of white blood cell imaging and 
complementary bone marrow imaging performed with " m Tc 
sulfur colloid is approximately 90% accurate and is especially 
useful for diagnosing osteomyelitis in situations involving 
altered marrow distribution. The limitations with this study 
are (1) if there is no labeled white blood cell activity in the 
région of interest, marrow imaging is not useful; (2) the sul¬ 
fur colloid image becomes photopenic within about 1 week 
after the onset of infection, and thus is not positive in the 
acute setting; (3) labeled white blood cells can accumulate 
in lymph nodes and lead to false image interprétation; and 
(4) " m Tc-sulfur colloid that is improperly prepared or is 
more than about 2 hours old dégradés image quality. 

The basis for this combined test is the fact that both 
white blood cells and sulfur colloid accumulate in marrow 
regardless of its location, whereas white blood cells accumu¬ 
late in infection but sulfur colloid does not. The distribution 
of activity on white blood cell and marrow images in healthy 
individuals is similar to that in persons with underlying 
abnormalities; thus, the images are spatially congruent. The 
one exception is osteomyelitis, which stimulâtes uptake of 
white blood cells and suppresses uptake of sulfur colloid. 
The white blood cell-marrow study is positive for infection 
when there is activity on the white blood cell image without 
corresponding activity on the marrow image; in other words, 
the images are spatially incongruent. When any other pattern 
is présent, the study is négative for infection.The reported 
accuracy of combined white blood cell-marrow imaging over 
the years has been excellent, ranging from 88% to 98%. 14 

Gallium 67 Citrate 

This is useful for localizing inflammatory lésions. It has 
direct leukocyte uptake, protein-bound tissue uptake, and 
perhaps direct bacterial uptake. The specifîcity of gallium 
scan alone is poor but is very useful in conjunction with tech¬ 
netium scanning. In régions of acute inflammation, gallium 
uptake exceeds technetium uptake and the sensitivity and 
specifîcity of the combined scan are around 70% and 90%, 
respectively. A disadvantage of gallium imaging is the slow 
clearance from the body (up to 72 hours). 12 

Indium 111-Labeled Leukocytes 

In this, 50 mL of the patient’s blood is obtained, and the leu¬ 
kocytes are separated from the other blood éléments, which 
are then labeled with m In. These labeled leukocytes are 
then reinjected into the patient and the scans are obtained 
24 hours later. The scan is considered positive if the focal 
accumulation of activity exceeds the adjacent normal bony 
activities (Fig. 25-5). This scan is helpful in the diagnosis 
of acute infection, but its usefulness in diagnosing chronic 
infection is doubtful as the inflammatory response is lympho- 
cytic and it can give a “cold” or a négative scan. Indium scan 
is sensitive but not spécifie, and thus a négative scan can rule 
out osteomyelitis; however, the indium scan is not helpful for 
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differentiating aseptie from septic loosening in a painful 
TKA. 15 Scher et al. 15 reported that m In leukocyte scans 
had only 77% sensitivity, 86% specificity, 54% positive pré¬ 
dictive value, and 95% négative prédictive value when they 
were used to diagnose 143 patients with an infection rate of 
17% who underwent an operation because of a painful joint 
implant. 

Indium 111 —Labeled Monoclonal Immunoglobulin 
(LeukoScan) 

This is an alternative to indium-labeled leukocytes. It avoids 
phlebotomy and radiation to white blood cells (risk of malig- 
nant transformation). Although still experimental, LeukoScan 
has better sensitivity, specificity, and diagnostic accuracy than 
indium and technetium scans. It is also considered a better 
diagnostic tool for chronic infections (osteomyelitis) and in 
HIV-infected patients. 16 

Magnetic Résonance Imaging 

The classic findings of osteomyelitis are a decrease in the 
normally high marrow signal on Tl images and a normal 
or an increased signal on T2 images. Magnetic résonance 
imaging (MRI) is currently considered to be more sensitive 
and spécifie to bone scan for detecting infection/osteomyelitis. 
Short tau inversion recovery (STIR) signais hâve a high 
négative prédictive value for osteomyelitis of almost 100%. 
However, the signal changes on MRI are nonspecific and 
anything that causes edema or hyperemia (e.g., fractures, 
tumors, inflammation) can produce signal changes similar to 
osteomyelitis. Although MRI is good for marrow involvement, 
it is poor for detecting cortical bone involvement. Gadolinium 
contrast helps distinguish an abscess from coexisting cellulites 
and enhances any granulation tissue. MRI is, however, of little 
help in the early diagnosis of periprosthetic infection due to 
the artifacts from the metallic implants. 17 

8 F-Fluoro-deoxyglucose Positron Emission 
Tomography Scan 

8 F-Fluoro-deoxyglucose positron émission tomography 
( 8 F-FDG PET) is a promising, highly accurate examination 
method to detect polyethylene- and métal wear-induced 
chronic inflammation followed by periprosthetic osteolysis. 8 
In addition, FDG-PET has a significantly higher sensitivity 
and specificity than triple-phase bone scan (TPBS) for 


differentiating between aseptie loosening and infection. It 
allows reliable prédiction of periprosthetic septic inflamma- 
tory tissue reactions, and because of the high sensitivity of this 
method, a négative PET resuit in the setting of a diagnostically 
unclear situation éliminâtes the need for révision surgery. In 
contrast, a positive PET resuit gives no clear différentiation 
regarding the cause of inflammation. In one recent study, the 
sensitivity/specificity of FDG-PET was 91 %/92 % (accuracy 
91%) compared with 78%/70% (accuracy 74%) for TPBS. 
The authors found a high corrélation between FDG-PET 
investigation and opérative histopathologie findings; however, 
no significant différences were found regarding cemented and 
uncemented implanted hip arthroplasties. 8 FDG-PET is a 
promising, highly accurate examination method to detect 
polyethylene- and métal wear-induced chronic inflammation 
followed by periprosthetic osteolysis. In addition, FDG-PET 
has a significantly higher sensitivity and specificity than TPBS 
for differentiating between aseptie loosening and infection. 

CLASSIFICATION SYSTEM 

The classification of infection is based on the timing of the 
infection process and the clinical présentation (Table 25-1). 
Postoperative primary joint infections can be classified into 
four broad categories. 36 

Type 1 : Early Postoperative 

An early postoperative infection could be superficial or deep 
and occur less than 4 weeks after the primary operation. 
They are treated with debridement and a course of antibiotic 
therapy for superficial infections and with antibiotic beads, 
replacement of the polyethylene insert, prosthesis rétention, 
and intravenous antibiotics for deep infections. 

Type 2: Late Chronic Infection 

A Type 2 late chronic infection occurs la ter than 4 weeks 
after surgery and usually présent with worsening pain and 
loosening of prosthesis. These require a two-stage recon¬ 
struction with antibiotic cernent spacers. 

Type 3: Acute Hematogenous Infection 

An acute hematogenous infection is a conséquence of bac- 
teremia, which seeds a previously stérile well-functioning 
prosthetic joint. It requires debridement, replacement of 


TABLE 25-1 Classification and Treatment of Infected Total Knee Arthroplasty 


Type Présentation Définition 


Treatment 


I Acute postoperative 

infection 

II Late chronic infection 

III Acute hematogenous 

infection 

IV Positive intraoperative 

culture 


Acute infection within 4 weeks of surgery 

Chronic indolent infection 4 weeks after surgery 
Acute onset of infection in a previously 
well-functioning joint 

Two or more positive intraoperative cultures 


Debridement and prosthetic rétention, intravenous 
antibiotic 

Two-stage reconstruction 

Debridement and prosthetic rétention, intravenous 
a nti biotics 

A course of appropriate antibiotics 
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polyethylene insert, and rétention of the prosthesis, provided 
there is no loosening of the prosthesis, followed with a 
course of intravenous antibiotics. 

Type 4: Positive Intraoperative Culture With 
CMnically Inapparent Infection 

A Type 4 infection is defined by the scénario where in¬ 
traoperative cultures are positive in the face of no apparent 
infection at the time of révision of a presumed aseptie loos¬ 
ening, and the cultures resuit is positive. It is treated with a 
course of appropriate intravenous antibiotics. 

SURGICAL TECHNIQUE 

The usual course involves multiple surgeries and a prolonged 
course of intravenous antibiotics. The extent of the surgical 
procedure dépends on whether the infection is superficial or 
deep and whether it is acute or chronic. Biofilm formation 
is more characteristic of chronic infections. The early postop- 
erative and acute hematogenous infections are less likely to be 
associated with biofïlm formation or prosthetic loosening, 
and the chances of cure without prosthetic removal are higher 
compared with cases of indolent infections. 

Early Superficial Infections 

This is treated with meticulous debridement of the soft tissue, a 
course of antibiotic therapy, and culture of the tissue and drain- 
ing fluid. Debridement should ideally include elliptical excision 
of the skin margins with inclusion of the subeutaneous fat to the 
level of the capsule. Any sinus tracts should be curetted and 
excised with primary closure. Proper care should be taken that 
there is no extension/breach of the capsule. The wound should 
be thoroughly washed preferably with 9 L of pulsatile lavage 
and then closed over antibiotic-impregnated methylmethyacry- 
late beads. The cernent beads are removed after 2 weeks 
through a small separate incision and the intravenous antibiotics 
are continued for an additional 2 weeks. The beads are made by 
adding vancomycin and tobramycin with methylmethacrylate, 
and the exact combination is debatable. Recently, calcium sul¬ 
fate beads impregnated with tobramycin hâve become popular, 
as they are biodégradable. 37 

Early Deep Infection and Acute Hematogenous 
Infection (Type III) 

The treatment consists of arthrotomy, synovectomy, and 
debridement of ail infected soft tissue. The scar is excised 
with an elliptical incision and capsulotomy is done using 
the previous incision. Gram stain and cultures are taken of 
the synovial fluid and synovium. The pseudomembrane is 
excised along with ail necrotic tissue. The insert is removed 
and ail the pseudomembrane and nonviable tissue are 
removed from the posterior aspect; the gutters are also 
debrided. The wound is thoroughly irrigated with 9 L of 
antibiotic solution, and then a new polyethylene liner is 


inserted. The arthrotomy is closed, and antibiotic beads 
are placed in both the gutters of the knee. The knee is placed 
in an immobilizer for 2 weeks, and then range-of-motion 
exercises are begun. The cernent beads are removed at 
2 weeks through small incisions. The duration of the intrave¬ 
nous antibiotics is generally 6 weeks. 38 

Chronic Infection (Type II) 

The two-stage replacement arthroplasty is still the gold stan¬ 
dard for Type II infections. The prerequisites for this are 
adéquate bone stock and medical fitness of the patient for 
multiple surgical procedures. The joint is thoroughly de¬ 
brided, and ail prosthetic components and bone cernent are 
removed. 39 An elliptical incision is made to excise the scar 
and should include any discharging sinus tracts. Complété 
excision of the necrotic material and pseudomembrane is 
performed as far as possible. The polyethylene insert is 
removed first, followed by the removal of fémoral, tibial tray, 
and any remaining cernent. Cultures should be obtained 
from multiple places at this time including the fémoral and 
tibial canals. The canals should be opened and reamed to 
remove the pseudomembrane. There are two types of antibi¬ 
otic-impregnated cernent spacers that are typically referred 
to in TKA surgery: (1) nonarticulating (block or static) 
(Fig. 25-6) and (2) articulating (mold or hybrid implant mold 
combination) (Fig. 25-7). The nonarticulating spacers allow 
local delivery of a high concentration of antibiotics and, at 
the same time, limited function of the joint to maintain joint 
space for future révision procedures. The disadvantages 
include limited ability for joint range of motion after surgery 



FIGURE 25-6. Anteroposterior radiograph depicting a non¬ 
articulating spacer with an intramedullary covered llizarov rod for 
added stability. 
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FIGURE 25-7. Anteroposterior radiograph of an articulating spacer 
made from a preformed mold with a polyethylene insert cemented in 
place. 


resulting in quadriceps shortening, scar formation, and bone 
loss, which make surgical exposure more difficult for the 
stage II révision surgery. 

Articulating spacers permit more joint motion and can 
improve function prior to the second stage of reimplantation. 
From a technical perspective there is subjective evidence that 
articulating spacers decrease scar formation and make expo¬ 
sure easier for a Stage II procedure. Better outcome has been 
reported with well-molded and well-fitted articulating spacers 
that restore the soft tissue tension and allow for a greater 
degree of joint motion compared with block-type spacers that 
may significantly limit joint freedom. Spacers may be com- 
mercially made (Fig. 25-8) or custom made in the operating 
room and consist of either entirely cernent, a cement-coated 



FIGURE 25-8. Commercial spacers are preformed for convenience 
but are expensive and hâve lower doses of antibiotics than can be 
added with a custom mold in the operating room. 


métal composite, or a stérile prosthesis partially coated with 
antibiotic impregnated cernent. Favorable results hâve been 
reported with each of these types of spacers. 

Antimicrobiais are administered for 4 to 6 weeks follow- 
ing resection, and the time interval between two surgical 
procedures is highly variable. No spécifie scientific protocol 
has been universally accepted, but confirmation of successful 
éradication of infection (normal serology and négative aspi¬ 
ration) is required prior to reimplantation. Antimicrobiais 
should be stopped for at least 2 weeks prior to aspiration 
and serology. 


Suppressive Antimicrobial Therapy 

This is considered for firail, old, and ill patients in whom 
surgery is not possible or refused by the patient. This option 
is likely to work if the microorganism is of low virulence, 
the microorganism is susceptible to an oral antibiotic, there 
is no serious side effect to the antibiotic, and the prosthesis 
is not loose. 40,41 The goal is to provide symptomatic relief, 
maintain joint function, and prevent systemic spread of infec¬ 
tion rather than éradication of infection. The long-term cost 
of such treatment should also be discussed with the patient. 


Resection Arthroplasty 

It involves removal of ail infected components and tissue 
with no subséquent implantation. Overall success rate for 
éradication of infection is between 50% and 89% for TKA 
infections. 42 Its limited indications are poor quality of bone 
and soft tissue, récurrent infections, infection with multi- 
drug-resistant organism, medical conditions that preclude 
major surgery (reimplantation), failure of multiple previous 
exchange arthroplasties, elderly nonambulatory, and polyar- 
ticular rheumatoid with very limited ambulatory demands. 
The primary disadvantage of resection arthroplasty is the fre¬ 
quent occurrence of knee instability with pain during transfer 
or walking in addition to shortened limbs, poor function, and 
ultimately patient dissatisfaction. 42 

Arthrodesis 

This provides bony ankylosis of a joint. Indications for knee 
arthrodesis in patients with a failed TKA include high func- 
tional demands, single joint involvement, young âge, failure 
of the reconstruction of the extensor mechanisms, poor soft 
tissue envelope, systemic immunocompromised, and récur¬ 
rent infection with virulent organisms. Some of the inhérent 
difficulties include inability to eradicate the infection, bony 
loss, and limb shortening. The hardware options include 
intramedullary nail (Fig. 25-9, currently favored), double 
plating, and external fixa tors. Arthrodesis in patients with 
severe segmentai bone loss can be performed with the use 
of Ilizarov fixator with internai bone transport and limb 
lengthening. In the presence of active infection, the arthro¬ 
desis should be a staged procedure with the aim of eradicat- 
ing the infection first. 
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FIGURE 25-9. Anteroposterior radiograph of a knee fusion with an intramedullary rod for fixation. 


Amputation 

Above-the-knee amputation is indicated for incalcitrant TKA 
infections when ail other options hâve been exhausted. Intrac- 
table infection associated with severe pain, soft tissue or vascu- 
lar compromise, bone loss of a severe nature that precludes 
the use of prosthesis, and vascular compromise may be some 
of the indications for amputation (Fig. 25-10). It has been 
estimated that up to 5% of the infected TKA patients may 
end up with an amputation. 43 

Antimicrobial-lmpregnated Devices 

These could be in the form of a solid spacer, beads, or tem- 
porary arthroplasties (dynamic spacers) that allow some 
function. 44 Spacers may be commercially made or custom 
made in the operating room, 45 and consist of either being 
entirely of cernent, a cement-coated métal composite, or a 
stérile prosthesis partially coated with antibiotic impregnated 


cernent. There are two types of antibiotic impregnated 
cernent spacers that are typically referred to in TKA surgery: 
nonarticulating (block or static) and articulating. There are a 
number of different types of articulating spacers that can be 
used in the two-stage révision of a septic TKA. 46 One com¬ 
mercially available System is the prosthesis of antibiotic- 
loaded acrylic cernent, a partial load-bearing structure con- 
sisting of gentamicin impregnated PMMA bone cernent 
(PROSTALAC). These are, however, costly and are gener- 
ally made with lower concentrations of antibiotics than are 
normally recommended. 

The cost of off-the-shelf articulating spacers can be 
overcome by using a composite articulating spacer. These 
use the fémoral component and polyethylene removed dur- 
ing stage I and are sterilized and reimplanted with antibiotic- 
impregnated cernent in a loose nonpenetrating manner. 46 

The choice of antibiotics is limited to those that are 
thermally stable as the polymerization of cernent is an exo- 
thermic reaction that generates a substantial amount of heat. 



FIGURE 25-10. Radiographie sériés of a patient who had an infected nonunion of a periprosthetic 
distal fémur fracture that seeded the total knee arthroplasty. The patient had a failed superficial fémoral 
arterial graft procedure and succumbed to an above knee amputation. 
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The antibiotic must be water soluble to allow diffusion into 
surrounding tissues, while allowing graduai release over time 
with bactericidal effect. The most commonly used include 
tobramycin, gentamicin, vancomycin, and cephalosporins, 
which can be combined to provide broad spectrum coverage. 
Most periprosthetic infections are gram positives (S. aureus 
and S. epidermidis), and with a clear pathogen and antibiotic 
sensitivity, one antibiotic should be used. When the patho¬ 
gen is unknown, this becomes more difficult to apply and 
complété infection éradication may require a composite set 
of antibiotics. The vancomycin covers methicillin-resistant 
S. aureus , while gentamicin covers Enterobacteriaceae and 
Pseudomonas aeruginosa , and cefotaxime kills the organisms 
that are gentamicin résistant. 

It has been reported that newer antibiotics such as 
Daptomycin and linezolid can be used without détriment to 
the mechanical properties but can significantly alter the cure 
time of the polymethylmethacrylate. 47 

Currently, polymethylmethacrylate that has gentimicin 
(SmartSet GHV; Depuy, Inc.) or tobramycin (Simplex T; 
Stryker Orthopaedics, Mahwah, NJ) can be used and then 
more doses added to surgeon preference. Typically, four 
doses of vancomycin and tobramycin per large (40 g) batch 
of cernent can be used, with most nonarticulating and articu- 
lating spacers taking about three batches of cernent. Concern 
over the total dose of antibiotics should be taken into consid¬ 
ération along with the rénal status of the host to tailor the 
amount of antibiotics safely used for each surgical spacer 
procedure performed. 47 

Factors Affecting Elution of Antibiotics in 
PMMA Spacers 

The elution of antibiotics from bone cernent is dépendent 
on several factors. The type of antibiotic, amount and num- 
ber of antibiotics, porosity of cernent, type of cernent, and 
surface area of the spacer ail play a rôle in the release. 48 
Generally, at least 3.6 g tobramycin and 1 g of vancomycin 
per 40 g bone cernent has been suggested and reported. 
Springer et al. 47 showed the safety of combining up to 
10.5 g of vancomycin with 12.5 g of gentimycin mixed in 
static spacers along with a full 6-week course of intravenous 
antibiotics. In their study, there was no élévation of sérum 
créatinine or any rénal dysfunction. Hand-mixing the 
cernent is also related to a lower release of antibiotics 
compared to commercially available antibiotic-loaded 
cements, and vacuum mixing was only shown to hâve a 
minor change in antibiotic release. It is important when 
mixing to hâve a homogeneous mixture of the antibiotic 
in the cernent, which is the rule with commercially available 
formulas. With the addition of 25% dextran to cernent, 
approximately four times as much antibiotic is released from 
the cernent in the first 48 hours and elution lasted for up to 
10 days compared with routine préparation, which lasted 
for only 6 days. Advantages of the antibiotic-impregnated 
devices are the localization of the antibiotic to the site of 
infection. 


POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

For nonarticulating spacers, these patients are kept partial 
weight bearing in a knee immobilizer. They can remove the 
immobilizer for daily hygiene but need to understand the 
importance not to try and bend their knee. During this 
period, patients can do straight leg raises to maintain quadri- 
ceps strength as well as ankle pump exercises to maintain calf 
muscle strength and prevent formation of a deep venous 
thrombosis. 

Articulating spacers may be allowed to do active range of 
motion and be weight bearing as tolerated between their 
stage I and II surgeries. Protected weight bearing is con- 
tinued and often recommended to guard against falls during 
this period but may not be a necessity. Formai therapy is 
often not necessary as well, but a directed home exercise pro- 
gram is bénéficiai to prevent scarring in of the extensor 
mechanism during the period between stage I and stage IL 

For arthrodesis patients, partial weight bearing for 
90-degree plating techniques until evidence of fusion is pru¬ 
dent. For intramedullary fixation with adéquate bone stock 
and apposition may be partial to weight bearing as tolerated 
according to the comfort of the surgeon concerning the 
adequacy of fixation obtained. 

Resection arthroplasty patients are kept in a range of 
motion type brace and weight bearing as tolerated. The 
brace should be used until stability of the joint is establi- 
shed. If this is a concern, then continued brace use is 
recommended. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Results of Debridement or Direct Exchange 
Arthroplasty 

In review of the literature, 30 reports provided outcome 
data on 530 open debridements, 23 arthroscopic debridements, 
and 37 one-stage exchange arthroplasties. 48 The average 
follow-up was 3.95 years, but the range was broad (0.02 to 14 
years). Successful éradication of infection was reported in 12 
of the 23 cases (52.2%) managed by arthroscopic debridement. 
Successful éradication of infection was reported in 3 3 of the 3 7 
cases (89.2%) treated by one-stage exchange. There was wide 
variability in associated antibiotic therapy. Factors associated 
with success included debridements performed less than 4 
months after the index procedure, less than 4 weeks’ duration 
of symptoms, antibiotic-sensitive gram-positive organisms, 
well-fixed components with no radiologie evidence of osteitis, 
and young healthy patients. Factors associated with the failed 
debridements included postoperative drainage for more than 
2 weeks, sinus tracts présent at the time of the debridement, a 
hinged prosthesis, and immunocompromised host. Factors 
associated with successful one-stage exchange included infec¬ 
tions by gram-positive organisms, absence of sinus formation, 
aggressive debridement, use of antibiotic-impregnated bone 
cernent for the new prosthesis, and 12 weeks of antibiotic 
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therapy. One-stage exchange arthroplasty failed in 4 of 3 7 cases; 
2 were in patients with rheumatoid arthritis on corticosteroids. 
One-stage exchange can be successful with a sensitive organism 
in a healthy host with prolonged antibiotic therapy Successful 
outcomes are more likely when infected with low virulence 
organism with a good sensitivity profile, a good host (not immu- 
nocompromised), no sinus tract formation, healthy soft tissue, 
full debridement, prolonged postsurgical antibiotics are 
provided, and when no bone graft is required. Infection was 
controlled in only 173 of the 530 infected total knee replace¬ 
ments (32.6%) treated by open debridement and rétention of 
the prosthetic components. Debridement of infected tissue, 
exchange of polyethylene insert, large-volume irrigation, fol- 
lowed by prolonged antibiotic therapy can be considered when 
infection developed within 4 weeks of surgery or an inciting 
event (like dental extraction). The advantages of debridement 
and rétention include limited surgery with préservation of pros- 
thesis and bone stock and faster recovery. The disadvantages of 
debridement and rétention include a serious risk of leaving 
infected foreign body in place and there are inconsistent 
reported results in the literature with failure rate ranging from 
14% to 86%. 48 

The overall success rate of two-stage reimplantantation 
is around 87%. 37,38,48 However, the results with a two-stage 
early reimplantation (within 2 weeks of removal of infected 
prosthesis) are low as 35% and thus currently not favored. 
However, the delayed reimplantation with more extensive 
antimicrobial therapy has a success rate of 69% to 92%, and 
with the additional use of antimicrobial-impregnated cernent 
at révision, success rates of 95% hâve been reported. 38,48 

Knee fusions hâve been recently reported with a success 
rate of over 90% (23 of 24 patients) with intramedullary 
rodding techniques and 67% using external fixation (41 of 
61 patients). 49 Both of the sériés in this report had similar 
deep infection rates (4.9% and 8.3%, respectively). The 
authors thought that intramedullary rodding had a better 
success rate for fusion but a higher rate of récurrent infec¬ 
tion. A similar rate of complications were seen in both 
groups and were high (34 patients experienced a complica¬ 
tion combined for both groups). Knee fusion still remains a 
viable option for the proper indications. 

SUMMARY/CONCLUSION 

Successful management of infected total knee replacement 
dépends on a number of factors. Early and accurate diagnosis 
allows prompt treatment. Although the idealistic goal is 
éradication of infection, alleviating pain, and restoration of 
function, it is critical to individualize treatment plan for each 
case depending on the circumstances. The duration of infec¬ 
tion, type of pathogen, patients’ comorbidities, overall prog- 
nosis and function, the adequacy of local bone stock and soft 
tissue, and the wishes of the patient—ail need to be taken 
into considération in the treatment plan. The treatment 
regimen has substantial morbidity including multiple sur- 
geries, prolonged intravenous antibiotic therapy and exces¬ 
sive cost. In more chronic and indolent infections, the 


treatment protocol consisting of component removal, intra¬ 
venous antibiotics for at least 6 weeks, and then delayed 
reconstruction using antibiotic cernent has the highest rate 
of success. It is hoped that with better understanding of the 
formation and complex interactions of the biofïlm, improve- 
ments in antibiotics penetrability and delivery, advancement 
in immunomodulatory agents to improve host defense, and 
smart self-protective implants (antibiotic coated), someday 
we can treat such periprosthetic infections more effectively 
and efficiently without resorting to multiple surgeries. 

SUGGESTED READING 

Fehring TK, Odum S, Calton TF, et al: Articulating versus static spacers 
in révision total knee arthroplasty for sepsis. Clin Orthop Relat 
Res380:9-16, 2000. 

The authors in this study sought to détermine whether static and articu¬ 
lating spacer use would affect the reinfection rate , improve functional 
results , or prevent bone loss compared with static spacers. Twenty-five 
patients were treated with static nonarticulating spacers , with 3 having 
a récurrence , while 30 patients treated with tobramycin-laden articulat¬ 
ing spacers had 1 with a récurrence. No appréciable bone loss could be 
measured in the patients who received articulating spacers. The authors 
thought that articulating spacers offered no functional advantage over 
static spacers in this study group with no statistical différence in reinfection 
rates. 

Haddad FS, Masri BA, Campbell D, et al: The PROSTALAC functional 
spacer in two-stage révision for infected knee replacements. Pros¬ 
thesis of antibiotic-loaded acrylic cernent. J Bone Joint Surg Br 
82:807-812, 2000. 

The authors reviewed 45 consecutive patients , treated over a period of 
9 years. The mean follow-up was for 48 months , and at final review , 
there was no evidence of infection in 41 patients (91%); only one had 
a récurrent infection with the same organism. The rate of cure of the 
infection in their patients was similar to that using other methods. 
Movement of the knee did not appear to hinder éradication of the 
infection. 

Insall JN, Thompson FM, Brause BD: Two-stage reimplantation for the 
salvage of infected total knee arthroplasty. J Bone Joint Surg Am 
65:1087-1098, 1983. 

This is the landmark study where Insall introduced the susscessful treat¬ 
ment ofTKA infections. Eleven infected primary TKA’s were successfully 
treated with removal of components and 6 weeks of intravenous treat¬ 
ment before reimplantation ofa révision TKA. One patient had a récur¬ 
rence with a different organism. 
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Patellofemoral Maltracking: Identification 
and Solutions 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Complications involving the patellofemoral joint are the most common reasons for révision surgery following total 
knee arthroplasty. Patellar maltracking is largely preventable, however, with accurate surgical technique including précisé fémoral and tibial 
component positioning. In those patients who présent with patellar subluxation postoperatively, the exact etiology of maltracking must be 
determined in order to choose the appropriate treatment strategy. Imaging studies including computed tomography scanning should be performed, 
followed by révision arthroplasty for malrotated components. In those with satisfactory position of the components, soft tissue realignment 
procedures may be considered. The purpose of this chapter is to identify, prevent, and outline techniques in surgical management of patellar 
maltracking following total knee arthroplasty. 

IMPORTANT POINTS: 

1. Component rotation is critical to optimize patellar tracking. 

2. CT is the most accurate way to assess rotation. 

3. Intraoperative tracking can be assessed using the "no thumbs" or "single suture" technique. 

4. Latéral release is indicated for patellar maltracking with well-positioned components. The superior latéral geniculate artery should be preserved 

during latéral release. 

5. If subluxation persists following latéral release, a proximal soft tissue realignment procedure may be considered. 

6. Révision total knee arthroplasty is indicated for poorly positioned components. 

CLINICAL/SURGICAL PEARLS: 

1. The fémoral component should be positioned in slight external rotation, parallel to the transepicondylar axis. 

2. Component rotation should be confirmed with secondary landmarks including Whiteside's Line and the posterior condylar axis. 

3. The tibial component should be externally rotated, aligned with the junction of middle and médial one third of the tibial tubercle. 

4. Overall patellar thickness should be maintained, to avoid overstuffing of the patellofemoral joint. 

5. In révision total knee arthroplasty, anatomie landmarks are distorted, necessitating the use of the transepicondylar axis to détermine component 

rotation. 

6. A postérolatéral augment may be necessary in révision TKA to ensure that appropriate external rotation is achieved. 

CLINICAL/SURGICAL PITFALLS: 

1. In the presence of a hypoplastic latéral fémoral condyle, use of the posterior condylar axis for referencing during primary total knee arthroplasty 
will lead to internai rotation of the component. 

2. Anteriorization of the fémoral component during révision arthroplasty will lead to overstuffing of the patellofemoral joint and subséquent 
maltracking. 

3. Creating a géométrie fit between the tibial tray and the proximal tibial eut will tend to internally rotate the component. 

4. Due to tibial bone loss during révision surgery, the tendency to use a thicker polyethylene insert will lead to joint line élévation and subséquent 
patella baja. 

5. Isolated latéral release in the presence of component malrotation will likely fail; révision arthroplasty is required before soft tissue procedures 
for extensor mechanism balancing. 

VIDEO AVAILABLE: 

1. Brief démonstration of (A) basic techniques for determining fémoral component rotation, (B) patellar eut and patellar component placement, 
and (C) the no thumbs test. 

Length 4:24 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Despite modem advances in technique and design, patello¬ 
femoral complications remain the most common cause of 
failure following total knee arthroplasty (TKA). 1 ’ 2 Often 
overlooked in the success of this otherwise durable proce¬ 
dure, patellar complications are currently the most common 
reason for reoperation after TKA. 3 Among these complica¬ 
tions of the extensor mechanism, patellar maltracking is the 
most likely reason for failure after TKA, with a reported 
incidence of up to 29%. 4 Furthermore, the presence of 
maltracking is often the source of other patellar complica¬ 
tions, such as catastrophic wear, loosening, and fracture. 5,6 
The purpose of this chapter is to identify, prevent, and 
outline techniques in the surgical management of patellar 
maltracking following TKA. 

CAUSES OF PATELLAR INSTABILITY 

Patellar tracking is affected by multiple factors, each of 
which must be carefully considered during primary or révi¬ 
sion TKA. Factors contributing to maltracking include com- 
ponent malrotation, limb misalignment, prosthetic design, 
patellar préparation, and soft tissue imbalance. 4 Any element 
that increases the overall Q angle of the limb will increase 
the laterally directed vector on the patella, thereby increas- 
ing the tendency for latéral subluxation. Among the causes 
of instability, malrotation of the fémoral or tibial compo- 
nents is the most common. 2,7 

Malpositioned Components 

Malposition of the fémoral, tibial, or patellar components is 
the prédominant cause of patellofemoral instability following 
TKA. 1,7-9 In fact, the combined amount of internai rotation 
of the fémoral and tibial components has been shown to cor- 
relate directly with the severity of patellofemoral instabil¬ 
ity. 8,10 Furthermore, improper sélection of component size 
is another important factor in patellar maltracking following 
TKA. An excessively large fémoral or patellar component 
can lead to overstuffmg of the patellofemoral joint, resulting 
in maltracking. An accurately performed arthroplasty with 
précisé fémoral and tibial component positioning and sizing 
is crucial to ensure central patellar tracking and a successful 
knee replacement. 

Fémoral Compgnent 

Internai rotation and médial translation of the fémoral com¬ 
ponent move the trochlea more médial relative to the exten¬ 
sor mechanism, thus increasing Q angle and predisposing 
the patella to latéral subluxation. 4 An excessively large fém¬ 
oral component will translate the patellofemoral axis ante- 
riorly, overstuffmg the compartment and again increasing 
the tendency for latéral displacement. 11 


Tibial Component 

An internally rotated tibial component increases Q angle by 
effectively moving tibial tubercle laterally. The résultant 
increase in the latéral quadriceps vector leads to maltracking 
of the patella. 11 The size of the tibial component may also 
play a rôle in the tendency for malposition. Since the eut 
surface of the tibial plateau is asymmetric and internally 
rotated, a larger component créâtes a géométrie fit in inter¬ 
nai rotation, with subséquent maltracking 1 (Fig. 26-1). 

Patellar Component 

Latéral placement of the patellar button on the eut surface of 
the patella will fail to reproduce the normal médian emi- 
nence. If the anatomy of the patella has not been restored, 
subluxation can resuit. 12,13 Excessive resection of the latéral 
patellar facet may also contribute to the maltracking. 3 

Extensor Mechanism Imbalance and Limb 
Malalignment 

A tight latéral retinaculum, combined with laxity or weakness 
of the médial soft tissue structures, créâtes a laterally direc¬ 
ted force on the patella. This soft tissue imbalance of the 



Lateraly 

subluxated 

patella 



internally rotated 




FIGURE 26-1. Internai rotation of the tibial component effectively 
externally rotâtes the tibial tubercle, increasing the Q angle and 
tendency for latéral subluxation of the patella. ( Adapted from Malo m, 
Vince KC: The unstable patella after total knee arthroplasty: etiology, prévention, 
and management. J Am Acad Orthop Surg 11, 2003.) 
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Mechanical Vertical Fémoral 
axis axis anatomie axis 



FIGURE 26-2. Mechanical and anatomie axes of the lower extremity. 
Restoration of the mechanical axis during total knee arthroplasty is 
critical to ensure central patellar tracking. Valgus malalignment will 
increase the laterally directed force vector on the patella, potentially 
leading to subluxation. (Adapted from Mihalko WM, Boachie-Adjel Y, Spang JT, 
et al: Controversies and techniques in the surgical management of patellofemoral 
arthritis. J Bone J Surg Am 90, 2007.) 

extensor mechanism leads to maltracking. 3 Médial laxity may 
be due to rupture of the médial capsular repair (due to inad¬ 
équate repair or suture failure), hematoma, overly aggressive 
physical therapy, or trauma in the early postoperative 
period. 14 

Extensor mechanism imbalance is especially frequent in 
patients with limb malalignment from preexisting severe 
valgus knee deformities. Such individuals, with overall limb 
alignment of greater than 10 degrees of valgus, hâve an 
increased latéral vector of the quadriceps muscle tending to 
subluxate the patella (Fig. 26-2). Furthermore, patients with 
valgus knee deformities hâve significant bone loss or hypo- 
plasia of the latéral fémoral condyle. This often leads to 
internai rotation of the fémoral component if a posterior 
condylar referencing guide is used. 7 


Component Design 

There are several éléments of fémoral component design 
that play a significant rôle in patellar tracking. Unlike ear- 
lier knee designs with relatively fiat trochlear surfaces, 
modem knee designs hâve incorporated various features that 
make them “patella friendly.” A laterally oriented trochlea, 
for example, engages the patella early in flexion, decreasing 
the tendency for latéral subluxation. Similarly, a fémoral 
component with a high latéral flange and deep constrained 
groove will tend to centralize the patella. 15-18 

Unfortunately, like most constrained components, the 
decreased tendency for subluxation cornes at the expense of 
increased patellofemoral contact forces. Although instability 
may be reduced, the abnormal wear can lead to an increased 
incidence of patellar fracture and component failure. 19 Addi- 
tionally, it is critical to understand that in the presence of 
other factors that are contributing to subluxation, increasing 
the constraint of the trochlea alone will not centralize the 
patella. 1 In fact, the increased constraint may only serve to 
further tighten the latéral retinaculum, thereby increasing 
the tendency for maltracking. 

CLINICAL DIAGNOSIS OF INSTABILITY 
History 

A complété history is the initial step in evaluating a patient 
with any complication following TKA. Patients with patellar 
maltracking may présent with a variety of complaints. S orne 
may complain of anterior knee pain with a subjective sense 
of subluxation or dislocation. 4 Others may hâve no overt 
symptoms of instability, complaining only of peripatellar 
pain and limited knee flexion. These patients may hâve 
noticed a limitation in their ability to achieve full flexion 
postoperatively due to subtle patellar subluxation. Maltrack¬ 
ing, therefore, should always be considered in the presence 
of a stiff, painful knee. Patients with a médial retinacular 
disruption may report a traumatic épisode of popping with 
new onset of pain, or frank patellar dislocation. 27 

Physical Examination 

A thorough physical examination of the entire lower extrem¬ 
ity is necessary to identify the exact cause of patellar mal¬ 
tracking. The overall alignment of the limb should be 
assessed, and the presence of excessive valgus alignment 
and/or tibial torsion should be noted. 3 Tracking of the 
patella should be observed during knee flexion, and patellar 
mobility should be assessed. Limitation of patellar mobility 
may suggest latéral retinacular tightness as a factor con¬ 
tributing to maltracking. Both active and passive motion of 
the knee should be observed, as this can occasionally help 
to differentiate between static and dynamic imbalance of the 
extensor mechanism. 1 Observation of the patella during 
range of motion may reveal a “J sign,” which is an indication 
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of latéral retinacular tightness. While the patella is engaged 
within the trochlear groove during flexion, the latéral pull 
of the retinaculum causes the patella to deviate laterally in 
full extension. 

Imaging 

Initial imaging should include standard standing anteropos- 
terior, latéral, and Merchant view radiographs. The antero- 
posterior view provides valuable information on the degree 
of valgus angulation of the fémoral component. The size of 
the fémoral component is best assessed on the latéral view. 
The Merchant view provides information on patellar tilt 
and the angle of patellar resection. A laterally subluxated 
patella seen on this view will confirm the diagnosis of insta- 
bility. Recently, some hâve promoted the use of a weight- 
bearing axial view of the knee as a way to evaluate patellar 
tracking under more physiologie conditions. 20 

Patellofemoral instability resulting from malrotation of 
the tibial or fémoral components (or both) is often difficult 
to diagnose based on physical examination and standard 
knee radiographs. In addition, the preoperative assessment 
of rotational alignment is critical in determining whether 
component révision will be required. Based on a protocol 
described by Berger et al., 21 computed tomography (CT) 
has become the study of choice to quantify rotational mala- 
lignment. This assessment of alignment is based on two 
validated and reproducible landmarks, the transepicondylar 
axis and the tibial tubercle. A cadaveric study by Jazrawi 
et al. 22 confirmed the accuracy of CT protocols in deter- 
mining rotational alignment of the components following 
TKA (Fig. 26-3). 

INDICATIONS/CONTRAINDICATIONS 

Patellar instability should be managed based on its exact eti- 
ology; the précisé cause of instability must be identified and 
corrected for the solution to be successful. Simply 
performing a latéral release for ail cases of maltracking is 
inappropriate, as this does not always address the cause of 
the patellar maltracking. 1 

Nonsurgical Management 

Nonsurgical measures for management of maltracking 
include strengthening of the vastus medialis obliquus muscle 
and bracing to control patellofemoral subluxation. Mild sub¬ 
luxation in patients with a weak vastus medialis may respond 
to intensive physical therapy, however, nonsurgical treat- 
ments are generally unsuccessful. 4 Patellofemoral instability 
is usually secondary to a component malrotation or other 
factors that nécessita te révision arthroplasty. 1 

Algorithm for Management of Maltracking 

See Figure 26-4. 


SURGICAL TECHNIQUE 
Prévention of Maltracking 

Although patellofemoral maltracking problems can some- 
times be successfully treated, the majority of these complica¬ 
tions can be avoided altogether with proper surgical 
technique at the time of primary TKA. 11 Several basic tech- 
nical guidelines should be considered in order to achieve 
patellar stability. 

Component Position 

Fémoral Connf§onent 

Intraoperative évaluation of fémoral rotation is critical to 
ensure proper patellar tracking and may be achieved using 
one of several anatomie landmarks. These landmarks 
include the transepicondylar axis, the posterior fémoral 
condylar axis, and the anteroposterior axis. 3 While most 
surgeons will choose one landmark by which to initially 
judge rotation (generally the transepicondylar axis), second¬ 
ary landmarks should be used to confirm the proper posi¬ 
tion of the fémoral component. 

The transepicondylar axis connects the latéral epicondylar 
prominence and the médial sulcus of the médial 
épicondyle; the fémoral component should be parallel or 
slightly externally rotated to this line. 21 
The anteroposterior axis of the fémur, also known as 
Whiteside’s line, is a line through the center of the troch¬ 
lear groove and the top of the intercondylar notch. 21 
This is a useful secondary landmark to ensure proper fém¬ 
oral component placement. The anterior and posterior 
fémoral cuts should be made perpendicular to Whiteside’s 
line. 1 

• The posterior condylar axis is a line that crosses both 
posterior fémoral condyles, averaging 3 to 5 degrees of 
internai rotation relative to the transepicondylar axis. The 
fémoral component, therefore, should be slightly externally 
rotated on the fémur relative to the axis of the posterior 
fémoral condyles to accommodate central patellar tracking. 
Most modem posterior-referencing guides will externally 
rotate the eut in relation to the posterior condyles, making 
the component parallel to the transepicondylar axis. 21 

Although the posterior condylar surface is a routinely used 
System for referencing, it is one of the least reliable land¬ 
marks and may lead to a surgical pitfall with résultant patel¬ 
lofemoral maltracking. 23 In a patient with a déficient latéral 
fémoral condyle (due to hypoplasia, longstanding valgus 
deformity, or prior trauma), using the posterior condylar axis 
to détermine fémoral rotation will lead to inadvertent inter¬ 
nai rotation of the component. In these cases, the transepi¬ 
condylar axis is a more accurate guide for component 
rotation (Fig. 26-5). 

In addition to proper rotation, the fémoral component 
should be lateralized in the coronal plane to reduce tension 




FIGURE 26-3, (A) Computed tomography (CT) scan of the fémoral component following TKA. The 
transepicondylar axis is clearly visible on this study, as is the posterior condylar line (line drawn along the 
posterior condyles of the component). The angle between these two lines corresponds to the amount of 
component rotation. (B, C) On this CT scan of the tibial component, it is apparent that rotation must be 
measured on successive images. The first is used to evaluate the géométrie center of the tibial tray, and the 
second is used to locate the médial one third of the tibial tubercle. Again, the angle between these lines 
is démonstrative of tibial component rotation. (From Berger RA, Rubash FIE: Rotational instability and malrotation 
following total knee arthroplasty. Clin Orthop 32, 2001.) 


FIGURE 26-4. Algorithm for management 
of maltracking. 
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FIGURE 26-5. In a normal knee, the 
transepicondylar axis and posterior condylar 
axis are both accu rate referencing sources for 
the détermination of component rotation. In 
those knees with a hypoplastic latéral fémoral 
condyle, however, the use of posterior 
referencing will lead to component internai 
rotation. (Adapted from Brassard MF, Insa II J N, 
Scuderi GR: Complications of total knee arthroplasty. 

In Insall J N, Scott WN [eds]: Surgery ofthe Knee, 3rd ed. 
New York, Churchill Livingstone, 2001, Vol 2.) 
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FIGURE 26-6. Medialization of the fémoral component may resuit 
in latéral patellar subluxation. (Adapted from Mihalko WM, Boachie-Adjel Y, 
Spang JT, et al: Controverses and techniques in the surgical management of 
patellofemoral arthritis. J Bone J Surg Am 90, 2007.) 

in the latéral retinaculum and to allow for central patellar 
tracking 2,9,17 (Fig. 26-6). 

In sizing the fémoral component, the anteroposterior 
dimension is most important to patellar tracking. As previ- 
ously discussed, a component that is too large in an antero¬ 
posterior dimension will resuit in anterior displacement 
of the trochlea and patella. Résultant tightening of the 
latéral retinaculum will increase the tendency for latéral 
subluxation. 9 

Tibial Component 

Having determined the fémoral component alignment, 
proper rotation of the tibial component becomes equally 
important in establishing patellar tracking. 7-9,24 Recognize 
that the tendency to internally rotate and medialize the tibial 


component may be increased in those knees with poor surgi¬ 
cal exposure. Again, a variety of surgical techniques and ana¬ 
tomie landmarks may be used to establish proper tibial 
component rotation and prevent latéral maltracking of the 
patella. 11 

The tibial tubercle is a critical landmark for alignment of 
the tibial component. In general, the midportion of the tibial 
component should be rotationally aligned with junction 
of the middle and médial thirds of the tibial tubercle. 7,21 
Another helpful landmark for tibial component rotation is 
the eut surface of the tibial plateau. While most tibial com- 
ponents are symmetric, the proximal tibia is asymmetric 
and internally rotated. Placing the tibial component on the 
plateau with complété géométrie coverage, although tempt- 
ing, will resuit in internai rotation of the component. To 
achieve proper rotation, the posterior médial plateau should 
actually be uncovered. Alternately, a few millimeters of the 
component could overhang posterolaterally. 21 

Patellar Component 

Tftfckness 

The goal of the patellar eut is to maintain the native thick- 
ness (or slightly less) of the patellofemoral joint. 11 Underre- 
section of the patella will overstuff the patellofemoral joint 
and translate the patella anteriorly, tightening the latéral 
retinaculum and increasing the tendency for subluxation 
(Fig. 26-7). 

Symmetry 

A symmetric patellar eut should be parallel to the anterior 
surface of the patella, with equal bone thickness remaining 
in ail dimensions to balance the peripatellar soft tissues. 
The native articular facets of the patella, however, are asym¬ 
metric, with the médial facet thicker than the latéral. 3 
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FIGURE 26-7. (A) Towel clips (placed at the proximal and distal pôles of the patella) help to avoid inadvertent disruption of the extensor 
mechanism. (B) The clips also help to guide the surgeon in producing a symmetric thickness during the patellar eut. 


Consequently, the level of the latéral facet resection should 
be shallower than the médial. To ensure a symmetric eut, 
palpation of the patella between the thumb and index finger 
can be helpful. For an objective measurement of thickness, 
a caliper can be used before and after resecting the patellar 
facets. 25 An asymmetric patellar eut will contribute to patel- 
lofemoral instability by altering the patellar tilt and the 
tension on the latéral retinaculum 9 (Fig. 26-8). 

—l ializatiort 

For optimal tracking, the patellar component should be 
placed on the médial portion of the patella with some lat¬ 
éral patellar bone left uncovered. 9,12,13,18 This orientation 
reproduces the normal articular surface the patella with a 
medially displaced central (sagittal) ridge. Medialization 
improves patellar tracking by allowing the patellar button 
to articulate centrally in the trochlear groove. There is a sig¬ 
nifiant amount of clinical evidence to show that medializa¬ 
tion reduces the incidence of latéral retinacular release 12,13 
(Fig. 26-9). 


Mechanical Alignment 

The final position of the fémoral tibial components should 
generally restore the mechanical axis of the limb to neutral. In 
most cases, this means that the fémoral component should not 
be positioned in more than 7 degrees of valgus with respect to 
the long axis of the fémur (Fig. 26-2). Furthermore, the 
combined angle of the fémoral and tibial cuts should not exceed 
10 degrees of valgus. 7 A greater valgus alignment of the limb 
will increase the tendency for latéral subluxation of the patella. 

Intraoperative Assessment of Tracking 

Prior to implantation of the final components, an intraopera¬ 
tive assessment of patellar tracking using trial components 
should be conducted. The patella should track centrally 
without latéral subluxation or latéral tilt as the knee reaches 
full flexion. Over the years, several techniques to assess track¬ 
ing hâve been described. Unfortunately, intraoperative évalu¬ 
ation of patellar tracking is relatively inaccurate, as it cannot 
reproduce the dynamic force vectors about the knee. 



FIGURE 26-8. Merchant radiograph demonstrating latéral patellar subluxation. Latéral tilt and subluxation 
may occur after excessive resection of the latéral patellar facet, in combination with inadéquate resection 
of the médial patellar facet. (Adapted from Mihalko WM, Boachie-Adjel Y, Spang JT, et al: Controverses and techniques 
in the surgical management of patellofemoral arthritis. J Bone J Surg Am 90, 2007.) 
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FIGURE 26-9. Merchant radiograph demonstrating symmetric 
thickness of the patellar eut, with central tracking of the patella within 
the trochlear groove. The patellar button is medialized on the native 
patella, reproducing the normal bony anatomy and reducing the 
tendency for latéral subluxation. 


Techniques to Ægep Tracking 

Tracking is often assessed using the “no-thumb technique,” 
in which the patella is observed to track along the trochlear 
groove during knee flexion without the stabilizing support 
of the surgeon’s thumb. 26 This method may, however, over- 
estimate the need for latéral retinacular release since a 
conventional parapatellar arthrotomy remains open on the 
médial side; there is no médial vector to counteract the 
latéral soft tissue tension. The “single-suture technique” 
studied by Lewonowski et al. 13 is a modification in which 
the médial retinaculum (at the superior pôle of the patella) 
is reapproximated using a single suture or a towel clip. This 
technique has been proposed to better reproduce the 
médial vector of the extensor mechanism, allowing for 
a static estimate of the médial soft tissue tension 13,27 
(Fig. 26-10). 

Tourniquet Use 

Tourniquet inflation has been proposed to alter intraopera¬ 
tive patellar tracking due to a binding effect on the extensor 
mechanism. S orne advocate tourniquet inflation with the 
knee maximally flexed in order to allow for maximum excur¬ 
sion of the quadriceps and a more accurate assessment of 
tracking. Others simply choose to deflate the tourniquet 
before intraoperative évaluation of tracking. Especially in 
those considered for intraoperative latéral release, most 
would agréé that tourniquet déflation should first be per- 
formed. In fact, several studies hâve démonstrated that 
unnecessary latéral releases can occasionally be avoided by 
déflation of the tourniquet in those patients with suspected 
maltracking. 28,29 



FIGURE 26-10. Intraoperative photograph of the no thumbs 
technique, used for assessment of patellar tracking. With trial 
components in place, the patella is observed to track centrally along 
the trochlea during knee flexion. 

Correction of Maltracking 

Soft Tissue and Bony Procedures 

Latéral Retinacular Release 

If patellofemoral tracking problems are identified intraopera- 
tively, individual component rotation must first be assessed 
before considering a soft tissue release. In a patient whose 
patella is tracked centrally before surgery, one should be 
especially suspicious of component malrotation. In fact, 
some believe that a latéral release should only be performed 
primarily in patients whose native patella was tracking poorly 
before the TKA (as in those with a severe preoperative valgus 
deformity). 8 

In a very small percentage of cases with appropriate 
component rotation, proper soft tissue tensioning may 
require a latéral retinacular release. 11 When necessary, it is 
most commonly performed from inside the knee joint 
(inside-out) during anterior and latéral retraction of the 
patella. Some prefer to perform the release from the exterior 
of the joint with an outside-in incision, leaving the latéral 
synovium intact. This technique, however, requires création 
of a large subeutaneous flap superficial to the retinaculum. 

During an inside-out release, the synovium and retinac¬ 
ulum are incised longitudinally about 2 cm from the latéral 
border of the patella, midway between the latéral border of 
the patella and the latéral fémoral condyle. 30 The latéral 
release may then be extended proximally and distally to a var¬ 
iable extent, based on the assessment of tracking. The most 
proximal aspect of the release may begin at the muscle fibers 
of the vastus lateralis, with spécial attention to préservation 
of the vastus lateralis tendon. Distally, the release may extend 
far as Gerdy’s tubercle. 3 The release is complété once intra¬ 
operative patellar tracking has been corrected. Meticulous 
hemostasis must be obtained in order to minimize the risk 
of postoperative hematoma formation (Fig. 26-11). 
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FIGURE 26-1 î. During latéral release, the synovium and retinacular 
structures are divided approximately 2 cm latéral to the border of 
the patella. The release may extend proximally, as shown, to the 
myotendinous junction of the vastus lateralis. Distally, the release 
may be carried to the level of Gerdy's tubercle. (Adapted from Post WR, 
Fulkerson JP: Surgery of the patellofemoral joint: Indications, effects, results, and 
recommendations. In Insall JN, Scott WN [eds]: Surgery of the Knee, 3rd ed. 

New York, Churchill Livingstone, 2001, Vol 2.) 


The greatest risk during latéral release is devasculariza- 
tion of the patella, and attempts should be made to avoid 
disruption of the superior latéral geniculate artery. The artery 
can usually be preserved, and can be identifîed at the myo¬ 
tendinous junction of the vastus lateralis. 31 Disruption of 
the superior latéral geniculate artery may lead to osteonecro- 
sis of the patella, with a secondary risk of patellar fracture. 
Other potential problems following latéral retinacular release 
include increased postoperative pain and swelling, wound- 
healing complications, and slower réhabilitation. Despite the 
potential complications of this procedure, latéral retinacular 
release can significantly improve patellar tracking if per- 
formed for the appropriate indications. 3 

In those patients with patellar maltracking identifîed 
postoperatively, component position should be evaluated on 
radiographs and CT scan. In the presence of well-positioned 
components, an isolated latéral release may be considered. 
This scénario is especially relevant in patients with a long- 
standing preoperative valgus knee deformity, in which the 
force of the latéral retinaculum (with concomitant laxity 
of the médial soft tissue structures) may hâve been unrec- 
ognized or underestimated at the time of initial surgery. 
S orne argue, however, that a latéral retinacular release is 
rarely successful as an isolated procedure. 1 


Latéral Release With Proximal Realignment Procedure 

If subluxation persists following latéral release, a proximal 
realignment procedure has shown to be effective in restora- 
tion of central patellar tracking. 7,32 The Insall technique of 
proximal realignment of the extensor mechanism involves 
advancement of the vastus medialis obliquus, and médial pli- 
cation combined with a latéral retinacular release. The tech¬ 
nique is depicted in Figure 26-12. 

Distal Realignment 

Latéral release and vastus medialis advancement may occa- 
sionally be insuffîcient to prevent progressive patellar sub¬ 
luxation. 33 In these isolated cases, a distal osteotomy with 
médial displacement of the tibial tubercle may be considered. 
Distal realignment procedures, however, are somewhat con- 
troversial in the management of récurrent subluxation fol¬ 
lowing TKA. Those who advocate the procedure believe 
that with proper technique, it can effectively decrease the 
Q angle and lower the latéral force vector that leads to patel¬ 
lar maltracking. 9,33,34 The procedure, however, should only 
be used with extreme caution, due to the severity of func- 
tional loss that may resuit from an extensor mechanism 
disruption. 35 Among the complications of this procedure 
are patellar tendon ruptures and nonunion of the tibial 
osteotomy, often related to the poor bone quality of the 
proximal tibia following TKA. 

Those who advocate the use of a distal realignment pro¬ 
cedure may employ a technique similar to that described by 
Whiteside, and shown in Figure 26-13. 33 



FIGURE 26-12. Technique of proximal "tube" realignment as 
described by Insall. Two incisions are made: the médial capsular 
incision has normally been performed as part of a standard 
parapatellar approach, and the latéral incision follows that of a latéral 
release. The médial flap, containing the vastus medialis, is advanced 
laterally and distally in line with the oblique muscular fibers. This flap 
is then sutured along the latéral margin of the patella, causing the 
latéral release to open widely due to the pull of the quadriceps 
muscle. (Adapted from Merkow RL, Soudry M, Insall JN: Patellar dislocation 
following total knee replacement. J Bone J Surg Am 67, 1985.) 
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FIGURE 26-13. Distal realignment technique, as described by 
Whiteside. A long oblique osteotomy is created laterally along the 
tibial tubercle, leaving the médial periosteal attachments intact. After 
completion of a latéral release, the tibial tubercle is shifted medially 
and secured with screws, wires, or a combination of both. The 
médial capsular structures are sutured in place. Screws are 
frequently difficult to place in the presence of a stemmed tibial 
component, and wires may be required. (From whiteside LA: Distal 
realignment of the patellar tendon to correct abnormal patellar tracking. Clin 
Orthop Rel Res 344, 1997.) 


A second option for distal realignment is the modified 
Roux-Goldthwait procedure. In this technique, the latéral half 
of the patellar tendon is detached from its distal attachment 
and split longitudinally to its proximal patellar attachment. The 
latéral tendon is then folded over the remaining médial tendon 
and sutured beneath the médial capsular edge . 33 Unfortunately, 
the complications of this procedure may be catastrophic, 
including complété disruption of the extensor mechanism. 

Révision Total Knee Arthroplasty 

An important general principle in révision knee surgery is 
that the exact failure mode of the original arthroplasty must 
be determined. If the reason for failure is not clearly under- 
stood, the révision is likely to be unsuccessful . 36 In cases 
of patellar maltracking, the surgeon must hâve a thorough 
understanding (based on history, physical examination, and 
imaging studies) of the reason for maltracking, so that the 
spécifie cause can be addressed in a stepwise fashion. 

Component malposition is the most common reason for 
patellar maltracking and subséquent reoperation following 
primary arthroplasty . 36 Although several soft tissue balancing 
techniques hâve been described, in a patient with patellar 
instability and documented malposition based on postopera- 
tive imaging studies, révision of the involved components 
takes precedence over any other treatment modality. With- 
out proper component position, most surgical procedures 
for correction of patellar tracking are likely to fail. 

Wide exposure of the knee should be used, via a stan¬ 
dard médial parapatellar approach. An extensive exposure is 
especially important on a stiff knee, in which the integrity 
of the extensor mechanism may be compromised during the 
approach . 11 The malpositioned components are removed, 
followed by reconstruction of the tibial and fémoral surfaces. 
The goal is to recreate a well-aligned and balanced knee, by 
managing the residual bone and soft tissue . 36 


Tibial Component 

Provided that there is no disruption of the distal extensor 
mechanism, the landmarks for tibial rotation should be intact 
and used for referencing in révision surgery. If it is deter¬ 
mined both preoperatively and intraoperatively that tibial 
component révision is unnecessary, it need not be performed. 
However, if both components are revised, the tibial side 
should be addressed first. The fémur (and the remainder of 
the knee) can then be reconstructed from this new, stable 
tibial platform . 36 The tibial component should be realigned 
with the junction of the middle and médial thirds of the tibial 
tubercle, just as in primary arthroplasty. 

Fémoral Component 

Size 

Choosing the correct size of the fémoral component is essen- 
tial and may be facilitated by templating of the contralatéral 
knee. The component that was removed should also be 
inspected in order to détermine whether it was appropriately 
sized, and the remaining fémoral bone in the sagittal plane 
should be measured. Many patients are left with posterior 
bone loss following component removal, requiring the use 
of posterior condylar métal augments to prevent undersizing 
of the fémoral component. While this larger augmented 
fémoral component will help to prevent flexion instability, 
it risks anteriorizing the patellofemoral articulation and 
consequently increasing the force vector of the latéral 
retinaculum . 36 

The fémoral component has an equally important sec- 
ondary rôle in restoration of the native joint line. In révision 
arthroplasty with distal fémoral bone loss, simply placing the 
component at the distal end of the remaining fémur may 
resuit in joint line élévation; this nécessitâtes the use of a 
thicker polyethylene insert and may resuit in patella baja. 
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Following a tibial eut at 90 degrees to the mechanical axis, 
the joint line should lie approximately 30 mm from each of 
the épicondyles. The fémoral component should be inserted 
using distal augments as needed, to prevent this élévation of 
the joint. 36 

Rotation 

Fémoral component rotation is critical to the restoration of 
proper patellar tracking. In a révision arthroplasty, however, 
the transepicondylar axis is the only remaining bony land- 
mark by which rotation can be referenced. After establish¬ 
ment of the epicondylar axis, small rotational adjustments 
should progressively be made to the position of the fémoral 
component. In a knee with a fémoral component that was 
previously internally malrotated (as in most cases of patellar 
instability), this will require shaving of the residual distal 
fémoral bone both anterolaterally and posteromedially. 36 
The new fémoral component may then be positioned in a 
more appropriate externally rotated position, parallel to the 
transepicondylar axis. Depending on the amount of remain¬ 
ing bone stock, a postérolatéral augment may be required. 
While increased external fémoral rotation is désirable for 
patellar maltracking, it will alter the flexion gap of the knee 
and needs to be accounted for in the révision surgery 
setting 33 (Fig. 26-14). 

Lateralization 

Poor bone quality in révision cases nécessitâtes the use of 
stemmed components to enhance fixation. Longer stems, 
however, will follow the path of the fémoral canal and may 
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FIGURE 26-14. Intraoperative image during révision arthroplasty, 
showing the use of a distal and postérolatéral augment. The distal 
augment accommodâtes any distal fémoral bone loss in order to 
restore the joint line. Failure to use a distal augment will necessitate 
the use of a larger tibial polyethylene insert, potentially leading to 
patella baja. The postérolatéral augment fills the bony defect at the 
posterior aspect of the latéral fémoral condyle. This technique 
ensures that the component is not inadvertently placed in an 
internally rotated position. ( From Stulberg SD: Bone loss in total knee 
arthroplasty: Graft options and adjuncts. J Arthroplasty 18[3 suppl 1], 2003.) 


tend to medialize the fémoral component. The use of an off¬ 
set stem may be required to appropriately lateralize the fém¬ 
oral component and prevent patellar maltracking. 

Intraoperative tracking should be assessed with the trial 
components in place. Provided that the component malposi¬ 
tion has been corrected, any abnormalities of patellar track¬ 
ing should résolve. If subluxation persists, the fémoral 
component rotation should be double-checked based on the 
transepicondylar axis. Soft tissue balancing procedures, if 
not already performed, may then be considered. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

Component Révision 

There are no spécifie activity restrictions following standard 
révision for component malposition, and the patient may be 
mobilized immediately following surgery. Réhabilitation focuses 
on quadriceps strengthening and restoration of range of motion. 

Proximal Realignment and Latéral Release 

Following latéral release, most advocate the use of a gentle 
compressive dressing, with immédiate application of a cryo- 
therapy unit or ice pack. 30 Patients should be encouraged 
to begin early quadriceps exercise, along with active and pas¬ 
sive range of motion. Improvement in patellar stability may 
continue over the course of several months, as quadriceps 
strength returns to normal. 

Following vastus medialis advancement, Merkow et al. 30 
recommend application of a bulky Jones type dressing for 
several days following surgery. On postoperative day 2, the 
patient is mobilized to fiill weight bearing using an assis- 
tive walking device. Between 5 and 7 days postoperatively, 
the bulky dressing can be removed and flexion-extension 
exercises initiated. A static knee immobilizer should be used 
while walking and sleeping, until adéquate quadriceps muscle 
control has returned. 30 

OUTCOMES AND RESULTS FOR 
TECHNIQUE 

Prévention 

Proper patellar tracking without subluxation is generally 
attainable, provided that careful intraoperative attention is 
given to the technical factors which help to prevent mal¬ 
tracking. Lee et al. 37 found that with attention to fémoral 
and tibial component rotation, and avoidance of overstuff- 
ing the patellofemoral joint, only 3% of knees required lat¬ 
éral release at the time of surgery. Furthermore, no patients 
suffered postoperative patellar dislocation or récurrent sub- 
luxation, and no révision surgeries for patellofemoral comp¬ 
lications were required. Lachiewicz et al. 6 similarly concluded 
that with strict adhérence to anatomie landmarks for 
positioning of tibial and fémoral components, latéral release 
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and patellar complications were avoided. Proper compo- 
nent position resulted in latéral release being required in 
only 15 of 255 knees, most of which had significant pre- 
operative val gus deformities. Patellar maltracking remains 
a largely avoidable problem in TKA, provided that the 
careful attention is given to proper position of the fémoral, 
tibial, and patellar components. 

Latéral Release 

Once proper component position has been confîrmed, iso- 
lated latéral retinacular release is one of the most commonly 
used soft tissue procedures to improve patellar tracking. 
Numerous studies hâve been performed on the relationship 
between latéral release during TKA and subséquent patello¬ 
femoral complications, with variable results. S orne contend 
that latéral release does not significantly improve patellar tilt 
or subluxation. 13 Others avoid this technique due the risk of 
subséquent osteonecrosis and patellar fracture. Although 
most recommend attempted sparing of the superior latéral 
geniculate artery, several authors hâve found a similar rate 
of patellar fracture, regardless of whether the artery was 
spared or sacrificed. 13,31 

The aforementioned risks of the latéral release are likely 
less significant than the risk of potentially severe patellofe¬ 
moral complications due to maltracking. When performed 
for the appropriate indications, it can be a safe and effective 
procedure. 3 Weber et al. 38 performed an intraoperative lat¬ 
éral release in over half of the 1000 patients in their sériés, 
finding a fracture rate of 1.2% and an instability rate of only 
0.6% at mid- to long-term follow-up. Only three surgeries 
were required for récurrent patellofemoral problems. 

Latéral Release and Proximal Realignment 

In those patients with récurrent subluxation following lat¬ 
éral retinacular release, proximal realignment can be con- 
sidered to further counterbalance the laterally directed 
forces on the patella. 7,32 Brassard et al. 4 reported favorable 
results using Insall’s proximal realignment technique, 
which was frequently combined with a latéral retincalar 
release. Merkow et al. 7 demonstrated similar success with 
the procedure. In a sériés of 12 patellar dislocations, 
10 were treated with proximal extensor mechanism realign¬ 
ment. There were no récurrent dislocations, and no patient 
required an additional distal realignment procedure. 7 The 
authors advocate the use of a proximal realignment, except 
in the case of severe component malrotation requiring 
révision TKA. 

Distal Realignment 

While distal realignment procedures are often avoided due 
to the risk of catastrophic complications of the extensor 
mechanism, some still employ these techniques as a means 
to decrease the Q angle and improve patellar tracking. Kirk 
et al. 34 reported favorable results following a tibial tubercle 


medialization and latéral release, with no récurrent disloca¬ 
tions and no healing complications at the osteotomy site. 
Numerous authors, however, hâve commented on the poten¬ 
tially disastrous complications following distal realignment 
including nonunion of the osteotomy and patellar tendon 

32 39 

rupture. ’ 

Révision Total Knee Arthroplasty 

Without correction of component malrotation, soft tissue 
balancing procedures of the extensor mechanism are likely 
to fail, and révision arthroplasty may be required. Unfortu- 
nately, there are limited data available on outcomes after 
isolated révision TKA for patellar maltracking. In a study 
by Chin et al., 40 the majority of patellar dislocations were 
found to be related to technical errors at the time of primary 
TKA. Functional outcomes following révision TKA were 
determined, showing that révision combined with proximal 
realignment corrected instability in nearly ail patients. How¬ 
ever, although there were significant improvements in pain 
and function following révision surgery, many patients 
continued to report residual functional disabilities. Given 
these less favorable results, the study emphasizes the impor¬ 
tance of prévention of maltracking at the time of primary 
TKA. In those who do suffer from postoperative maltrack¬ 
ing, the authors recommend maintaining a low threshold 
for performing révision TKA and proximal soft tissue 
realignment. 40 

FUTURE CONSIDERATIONS 

Prévention of patellar maltracking may soon involve the use 
of computer-assisted navigation Systems. Despite the current 
means of component positioning based on established bony 
landmarks and modem cutting guides, there is still a signifi¬ 
cant incidence of malrotation following TKA. 41 Early studies 
on computer navigation hâve shown improved accuracy of 
component position in the coronal and sagittal planes, with 
a résultant improvement in overall limb alignment. 42 These 
studies, however, hâve failed to show a différence in clinical 
outcomes and complication rates. 23 

Improvements in component design may also contribute 
to future prévention of patellar maltracking. Changes in the 
fémoral and patellar implants must be evaluated for their 
effect on patellofemoral stability, in order to ultimately min- 
imize the incidence of extensor mechanism complications. 
Additional studies are needed to détermine the incidence of 
patellar maltracking after minimally invasive arthroplasty 
techniques. 23 

SUMMARY/CONCLUSION 

In order to achieve success following TKA, factors that 
adversely affect patellar tracking must be well recognized. 43 
Although maltracking of the patella remains one of the most 
common complications following TKA, it is largely pre- 
ventable with attention to proper surgical technique. When 
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confronted with instability, the surgeon must first seek and 
correct the underlying cause. Accurate component implanta¬ 
tion is impérative for success, and component malalignment 
requires révision. In those with appropriately positioned 
components, extensor mechanism imbalance may necessitate 
a proximal or distal realignment procedure. Although it does 
serve an important rôle in establishment of central tracking, 
latéral release alone may invite récurrence of the problem. 9 
Neglecting or underestimating the importance of the patel- 
lofemoral articulation will certainly resuit in poor outcomes 
and patient dissatisfaction; greater attention to this critical 
element of TKA leads to success. 

SUGGESTED READING 
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knee replacement. J Bone J Surg Am 67:1321, 1985. 
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Rhoads DD, Noble PC, Reuben JD, et al: The effect of fémoral compo¬ 
nent position on patellar tracking after total knee arthroplasty. Clin 
Orthop Rel Res 260:43-51, 1990. 

Cadaveric study to détermine effects of component position and prosthetic 
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the fémur prevented dislocation but was found to place high stress on the 
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Extensor Mechanism Rupture 


Cari A. Deirmengian • Jess H. Lonner 


CHAPTER PREVIEW 


CHAPTER SYNOPSIS: Extensor mechanism rupture is a devastating complication after total knee arthroplasty. The decision to treat with a 
surgical procedure dépends on identification of a functional loss of the extensor mechanism or loosening of a prosthetic component. Care must be 
taken when treating an extensor mechanism rupture, considering the history of complications associated with surgical intervention. Extensor 
mechanism allografts may be used to operatively reconstruct the loss of extensor mechanism function. 

IMPORTANT POINTS: 

1. Examination of extensor mechanism ruptures is directed at examination of active extension. 

2. Surgical intervention for extensor mechanism rupture carries a high complication rate and should be reserved for cases of complété rupture 
resulting in severe extensor lag. 

CLINICAL/SURGICAL PEARLS: 

1. Extensor mechanism allografting uses a large segment of allograft tissue, including quadriceps tendon, patella, patellar tendon, and tibial 
tubercle. 

2. The allograft must be maximally tensioned with the knee in full extension, in order to decrease the incidence of postoperative extensor lag. 

3. A dovetail may be used at the tibial tubercle to increase the strength of fixation. 

4. Postoperative protection from flexion and active extension should continue for 2 to 3 months. 

CLINICAL/SURGICAL PITFALLS: 

1. Only operate on extensor mechanism ruptures if a clear functional déficit is évident on examination. 

2. Avoid direct primary repairs of extensor mechanism ruptures, especially when tissues are tenuous. 

VIDEO AVAILABLE: 

Not available 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Extensor mechanism disruption is one of the most devastat¬ 
ing complications after total knee arthroplasty (TKA). 
Although there are many features that describe an optimally 
functioning TKA, active extension is one of the few necessi- 
ties for basic function. It is a critical component of the gait 
cycle, stair climbing, standing at rest, and knee stability. 
Although the surgical treatment of extensor mechanism rup¬ 
ture in the native knee is generally uncomplicated and asso¬ 
ciated with good results, 1-3 this cannot be assumed in the 
setting of TKA. On the contrary, surgical strategies aimed 
at reconstructing a disrupted extensor mechanism in the 
setting of TKA hâve led to numerous complications and 
poor results.^ 6 


The extensor mechanism includes the quadriceps ten¬ 
don, patella, patellar tendon, and tibial tubercle. Disruption 
of any component of this mechanism can lead to the inability 
to actively extend the knee. The diagnosis of this complica¬ 
tion dépends on a careful history, physical examination, and 
plain radiographs. In the setting of a TKA, the diagnosis is 
more difficult, as pain and dysfunction may be falsely attrib- 
uted to typical postoperative pain or extensor weakness. Spé¬ 
cifie testing of active knee extension should be a regular 
component of the physical examination of every patient with 
a TKA and is often difficult in the setting of pain or swelling. 
One method of testing involves supporting the fully extended 
knee with the patient seated. The patient is asked to hold the 
knee extended while support of the extremity is slowly 
released. The ability to hold the position of extension 
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suggests continuity to the extensor mechanism. Alternatively, 
the patient can be asked to extend a leg that is hanging freely 
from the seated position. Palpation of the extensor mecha¬ 
nism may also reveal a discontinuity proximal or distal to 
the patella, suggesting a tendon rupture. 

Plain radiographs of the knee are also useful for the 
diagnosis of extensor mechanism disruption. The latéral view 
of the knee is most helpful, providing information regarding 
the patella and its relative distance from the tibial tubercle. 
The patellar and quadriceps tendons can be evaluated indi- 
rectly, by observing the position of the patella. Although 
TKA may resuit in mild patella Baja or Alta, extensor mech¬ 
anism disruptions often resuit in tremendous changes in 
patellar position. The patellar bone should be observed on 
both anteroposterior and latéral views, focusing on bone 
quality, the presence of fractures, and the fixation of the 
patellar component. 

The treatment of extensor mechanism disruption after 
TKA is challenging. The first step in treating the patient 
with this complication involves the decision to pursue opéra¬ 
tive versus nonoperative treatment. This decision must weigh 
the expected resuit of nonoperative treatment with the out- 
comes and risks of complications expected after operative 
intervention. When a complété disruption is not amenable 
to nonoperative treatment, then an appropriate repair or 
reconstructive procedure must be chosen to minimize the 
postoperative complication rate. Based on the history of sur- 
gical procedures for the disrupted extensor mechanism after 
TKA, most surgeons choose a procedure that involves 
augmentation of the repair, or allograft reconstruction. 

Quadriceps Tendon Disruption 

The literature regarding quadriceps tendon rupture after 
TKA is scant, due to the rarity of this complication. Quadri¬ 
ceps tendon rupture has been reported 4,5 to occur after 0.1% 
to 1.1% of primary TKAs. Dobbs et al. 4 reported on the 
expérience at the Mayo Clinic, identifying 24 (0.1%) tendon 
ruptures in a cohort of 23,800 primary TKAs. Lynch et al. 5 
found three quadriceps tendon ruptures after 281 primary 
TKAs. Even in the setting of révision TKA, the quadriceps 
tendon rupture is a rare entity. Yun et al. 7 described three 
postoperative quadriceps tendon ruptures after révision when 
a quadriceps release or snip had been performed. 

No clear underlying condition has been shown to 
increase the risk quadriceps tendon rupture after TKA, given 
the few reports of this complication. Rheumatoid arthritis, 
systemic and local steroid use, obesity, and diabètes hâve 
been suggested as comorbidities that put the quadriceps ten¬ 
don at risk. 4,8 Additionally, technical factors such as overre- 
section of the patella and quadriceps release techniques 
hâve been identified as potential risk factors. 5,7,9 

The treatment of quadriceps tendon rupture after TKA is 
most comprehensively discussed in the report by Dobbs 
et al., 4 including 23 partial tears and 11 complété tears. Partial 
tears were defined as a tendon tear that did not cause a loss of 
active extension. Seven of the patients with a partial tear were 


treated nonoperatively with immobilization and had a satis- 
factory outcome, without re-rupture. Sixteen patients with a 
partial tear underwent direct suture repair, with five resulting 
in serious complications including re-rupture, knee instability, 
intraoperative popliteal artery lacération, fracture of the fémo¬ 
ral condyle, and deep periprosthetic infection. The average 
postoperative range of motion revealed a worsened extensor 
lag. Ten of 11 patients with a complété tear had a surgical 
repair; two included mesh augmentation. Of the 10 patients 
who underwent primary repair of the tendon, four had 
re-rupture and two developed a periprosthetic infection. 

The use of an extensor mechanism allograft including 
quadriceps tendon, patella, patellar tendon, and tibial tuber¬ 
cle has also been described for reconstruction of the extensor 
mechanism. When meticulous technique and tensioning are 
followed, a high rate of success may be expected from this 
procedure. 10 Extensor mechanism allograft reconstruction 
may be used as a primary technique for the treatment of 
quadriceps tendon rupture after TKA, but it is especially 
attractive when direct repair or augmentation techniques 
are unsuccessful. 

In summary, quadriceps tendon tears after TKA must be 
divided into two groups depending on the presence of active 
knee extension. Partial tears usually hâve some active exten¬ 
sion and are treated by immobilization in extension for 4 to 
6 weeks, followed by passive range of motion for 4 to 6 weeks 
and then strengthening. Complété tears hâve no active exten¬ 
sion and should be treated by an augmented direct repair 
or by an extensor mechanism allograft. Operative treatment 
for complété tears aims to avoid the severe extension lags 
observed with nonoperative treatment. 

Patellar Tendon Rupture 

Patellar tendon rupture after primary TKA has been 
reported to occur at a rate of 0.17% to 1.4%. 5,6 Rand 
et al. 6 described 18 ruptures out of 8,288 TKAs at the Mayo 
Clinic over a 12-year period, accounting for a 0.17% rate of 
rupture. Boyd et al. 11 reported a 0.56% incidence when 
reviewing 891 TKAs with and without resurfacing. Lynch 
at al. 5 reported 4 patellar tendon ruptures (1.4%) in a con¬ 
secutive group of 281 primary TKAs. 

A variety of underlying factors hâve been found to 
potentially increase the likelihood of patellar tendon rupture 
after TKA. Systemic considérations such as diabètes, steroid 
use, and collagen vascular diseases are possible predisposing 
factors. 12 Local factors such as implant type hâve also been 
implicated. The early génération of hinged prostheses such 
as the Stanmore, 13 Walldius, 14,15 and Guepar 16,17 prostheses 
appear to hâve higher rates of patellar tendon rupture, possi- 
bly due the increased constraint. One study reported a 5.6% 
rate of patellar tendon rupture after use of the Walldius 
hinged prosthesis. 

Patellar tendon ruptures are not spécifie to hinged 
designs, and numerous studies hâve reported rupture in more 
modem TKA designs, 5,6,11,12 ranging from 0.17% to 
1.4%. 5,6,11,12 Resurfacing of the patella has been suggested 
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to be a contributing factor to patellar tendon rupture, 
although this has never been clearly proved. An asymmetric 
or aggressive patellar resection could theoretically impair the 
patellar tendon attachment to the patella. In a comparison of 
resurfaced and unresurfaced TKAs, Boyd et al. 11 found no sta- 
tistically significant différence between resurfaced (3 of 396 
knees) and unresurfaced (2 of 495 knees) TKAs. 

The treatment of patellar tendon ruptures dépends on 
the ability of the patient to actively extend the knee. Because 
of complications related to operative intervention and mixed 
results, the presence of active extension is best treated with- 
out surgery, including immobilization with a brace or cast. 
With loss of knee extension, surgical repair is necessary to 
avoid a severe extension lag. 

Primary repair of patellar tendon ruptures is almost rou- 
tinely unsuccessful, as reported by Rand et al. 6 Of 16 operative 
repairs, nine included direct repair, four used staple fixation, 
two used xenograft, and one used autograft. Only four results 
were considered satisfactory, and direct repair was consis- 
tently unsuccessful. Lynch et al. 5 described the direct repair 
of four patellar tendon ruptures, reporting one re-rupture, 
one deep infection, and two with extension lags of more than 
15 degrees. Oglesby and Wilson 14 reported on five direct 
repairs, with only one patient achieving full extension. 

Cadambi and Engh 12 reported on the use of semitendino- 
sus autograft for the repair of seven patellar tendon ruptures 
with successful reconstitution of the extensor mechanism. The 
semitendinosus tendon is incised proximally, looped through a 
drill hole in the distal patella, and then sutured back down to 
its own insertion at the tibia. Tensioning is accomplished at 90 
degrees to avoid patella Baja. Postoperatively, the patients are 
immobilized for 6 weeks in extension, followed by limited flex¬ 
ion for an additional 6 weeks. Although they did find an exten¬ 
sion lag of 5 to 10 degrees in some patients and limited flexion 
in most patients, the resuit was acceptable in every patient and 
no complications were observed. 

Médial or extended médial gastrocnemius flaps hâve also 
been used to repair a ruptured patellar tendon with suc- 
cess. 18,19 Jaureguito et al. 19 reported seven patients who 
underwent this technique. At an average of 2 years of fol- 
low-up, the average range of motion increased from 70 to 
100 degrees and the average extensor lag improved from 
53 to 24 degrees. Unfortunately, most patients still demon- 
strated a significant extensor lag. Two complications 
included a manipulation resulting in a 30-degree extensor 
lag and one patient with the need for a small skin graft. 

The successful results of extensor mechanism allograft 
using quadriceps-patella-patellar tendon-tibial tubercle allo- 
graft hâve been well described at different centers as a treat¬ 
ment for complété quadriceps tendon or patellar tendon 
ruptures after TKA. 20-22 

Patella Fractures 

The conséquences of patellar fracture after TKA are highly 
dépendent on the resulting effect on extensor mechanism 
integrity. Some patellar fractures are benign, without effect 


on the patellar component or extensor mechanism. On the 
other hand, a patellar fracture can resuit in the need for sig¬ 
nificant surgical intervention aimed at reconstructing the 
continuity of the extensor mechanism. The patella has little 
inhérent bone stock, and its résistance to fracture may be eas- 
ily compromised during TKA, especially révision TKA. 

The reported rate of patellar fracture after TKA has a 
wide variation in the literature. Patellar fracture after pri¬ 
mary TKA has been reported in one large study 23 to hâve a 
rate of 3.9%, with 0.4% of TKAs having disruption of more 
than 1 cm. Ortiguera and Berry 24 reported 85 patellar frac¬ 
tures (0.68%) in a registry of 12,000 TKAs over a 12-year 
period. Grâce and Sim 25 found nine patellar fractures (0.12%) 
of 7,754 primary TKAs. The rate of patellar fracture may 
vary depending on approach, latéral release rate, posterior 
cruciate ligament rétention, decision to resurface the patella, 
implant types, and inclusion of révisions. 

The rate of patellar fractures has been suggested to be 
dépendent on general patient factors such as inflammatory dis- 
ease, osteoporosis, gender, or increased activity levels. Rheuma- 
toid arthritis may be a predisposing factor if the disease results in 
a thin, eroded, or cystic patella, and some authors hâve sug¬ 
gested avoiding resurfacing when this is identified. 26 However, 
there hâve been a few studies 25,27 that found no différence 
between patients with rheumatoid or osteoarthritis, and there 
is litde evidence that rheumatoid arthritis, in and of itself, 
significantly elevates the risk of patellar fracture after TKA. 

The increased rate of patellar fracture with patellar resur¬ 
facing after TKA has been clearly described by a number of 
authors. 9,11,28 Additionally, a number of biomechanical studies 
hâve demonstrated that strain in the remaining patellar bone 
increases as the thickness of the bone decreases. Both Reuben 
et al. 29 and Lie et al. 30 studied the anterior patellar strain after 
resection at varying depths. They found patellar strain to 
significantly increase when less than 15 to 16 mm of bone 
remained after resection. Although the rate of patellar fracture 
after TKA has not been specifically associated with a certain 
cutoff thickness of remaining patellar bone, most surgeons 
prefer to leave at least 12 mm of patellar bone stock during 
TKA, even when this results in an overall patellar thickness 
that is greater than preoperative values. During révision 
TKA, it is common to find a patellar thickness of less than 
10 mm after component removal, especially with concomitant 
osteolysis. It is advisable to avoid simple resurfacing in these 
cases to avoid postoperative patellar fracture. 

A variety of local insults hâve also been credited with the 
prédisposition for patellar fracture. Devascularization of the 
patella and its tendon may theoretically occur with overzeal- 
ous releases and fat pad excision. However, it remains 
unproved whether sacrificing the superior latéral geniculate 
vessels during surgery actually place the patella and its tendon 
at risk. Weber et al. 31 compared 540 TKAs with a latéral 
release to 510 TKAs without. Although an increase in patellar 
fracture rate was observed (1.7% versus 0.8%), the différence 
was not statistically significant. Ritter and Campbell 32 com¬ 
pared 84 primary TKAs with latéral release to 471 TKAs 
without. The rate of patellar fracture was found to be lower 
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after latéral release (1.5%) compared with TKA without lat¬ 
éral release (3.6%). Data regarding patella fracture after 
TKA are difficult to interpret because of the multitude of fac¬ 
tors involved in patellar fracture. Although a latéral release 
may reduce the blood supply to the patella, it may also reduce 
the forces on the patella in flexion. Kusuma et al. 33 compared 
the short-term and long-term complication rates in over 1108 
knees with or without latéral release. They found no différ¬ 
ence between the two groups in regard to complications or 
Knee Society scores. With an increasing awareness of compo- 
nent rotation and position, the need for latéral release appears 
to hâve decreased 34 ; however, most surgeons continue to 
advocate a latéral release if necessary during primary TKA. 

Another factor that may contribute to the rate of patellar 
fracture is the type of implant used. The choice of patellar 
implant has been suggested as a factor contributing to 
patellar fracture after TKA. Inset patellar components, 35 ’ 36 
press-fit components, 35 ’ 37 inappropriately sized implants, 9 
and fixation peg spécifications 26,35 hâve ail been implicated 
in contributing to this complication. 

The treatment of patellar fractures after TKA focuses on 
the integrity of the extensor mechanism as well as patellar com- 
ponent fixation. Ortiguera and Berry 24 suggested a simple clas¬ 
sification scheme to guide treatment of these fractures. Type I 
patellar fractures hâve an intact extensor mechanism and well- 
fixed patellar component. An abundance of literature suggests 
that conservative treatment with immobilization in extension 
is the optimal method of preserving function while avoiding 
the complications of a surgical procedure. 24,27,37,38 Vertical 
fractures often do not disrupt the extensor mechanism or patel¬ 
lar button and may be treated conservatively. 39 The preferred 
method is to immobilize in a cast or brace for 6 weeks in exten¬ 
sion with weight bearing as tolerated. This is followed by 
6 weeks of passive range of motion followed by strengthening. 

Type II patellar fractures involve disruption of the exten¬ 
sor mechanism. A common fracture pattern in this class 
involves a transverse fracture in the pôle of the patella, above 
or below the component, with a well-fixed component. 
These fractures are functionally similar to an avulsion of 
the patellar or quadriceps tendons from the patella and may 
be treated as described in the previous section. The smaller 
fragment of patellar bone may be preserved or excised 
depending on its facilitation or interférence with repair. In 
most cases, a suture technique through vertical drill holes 
in the patella is more predictable than attempts to reduce 
and fix the patellar fragment of bone. The suture fixation 
may be further protected at the inferior pôle by a tension 
band technique using a wire looped through the tibial tuber- 
cle. 40 Furthermore, there may be cases when the quality of 
patellar or quadriceps tendon is not adéquate for direct 
repair alone. This may be tested by observing the integrity 
of the repair when flexing the knee to 75 degrees. Similar 
to techniques described earlier, alternative tissue sources 
may be used to augment the repair in these cases. 40 Unfortu- 
nately, complication rates are extremely high (50%) after 
surgical intervention for Type H fractures, 24 even when the 
bone fragment is excised and the extensor mechanism is 


repaired with direct suture technique. Although nonopera- 
tive treatment can be considered for these fractures, large 
extensor lags would be expected. 

Type III patellar fractures hâve an intact extensor mecha¬ 
nism and a loose patellar component. These cases may be trea¬ 
ted with immobilization, with the hope that the patient will be 
asymptomatic after healing occurs, but most often, removal of 
the component is attempted. Type III fractures are subdivided 
into Type Ilia, with good bone stock, and Type Illb, with poor 
bone stock. When the bone stock is good, removal of the patel¬ 
lar component may be followed by patelloplasty with compo¬ 
nent révision or resection arthroplasty. When the bone stock 
is poor, component révision should not be attempted. Instead, 
component removal should be followed by patelloplasty or pat- 
electomy. The expérience with operative fixation of patellar 
fractures with open réduction and internai fixation is poor, with 
a high complication rate. Often the fixation does not resuit in a 
union, and reoperation is necessary. 

Other surgical options are also available for the treat¬ 
ment of patellar fractures. Nelson et al. 41 described the use 
of hemispheric porous métal implants for primary fracture 
fixation after the removal of a loose patellar component. 
However, more investigation is needed before definitive con¬ 
clusions can be made. When a disruption of the extensor 
mechanism exists, extensor mechanism allografting can also 
bypass the need for healing the patellar bone. This surgical 
technique is the author’s preferred treatment of the disrupted 
extensor mechanism when alternative methods are not reli- 
able. The method and results of this technique follow. 

SURGICAL TECHNIQUE 

When attempted primary repair of the extensor mechanism 
has failed or substantial tissue loss precludes use of alternative 
methods of extensor mechanism reconstruction, an entire 
extensor mechanism allograft is a useful option. A fresh-frozen 
cadaveric graft that includes the tibial tubercle, patellar ten¬ 
don, patella, and maximal length of quadriceps tendon is used. 
Inadéquate length of quadriceps tendon may compromise the 
integrity of the repair and the eventual success of reconstruc¬ 
tion. The length of quadriceps tendon should be a minimum 
of 5 cm to maximize the surface area of repair and overlap 
of surrounding host tissue (Fig. 27-1). 

Full passive extension should be sought intraoperatively 
prior to extensor mechanism reconstruction. A knee with 
inadéquate extension will likely fail in the postoperative 
period, as undue stress will be placed across the repair site 
and graft. Posterior capsular recession or révision may be 
necessary to ensure that full extension is achievable. 

The tibial tubercle component of the allograft is fash- 
ioned to fit within a prepared bed in the host proximal tibia 
(Fig. 27-2). The allograft tubercle is attached centrally in 
the région of the native tubercle, occasionally erring médial 
to it to optimize patellar tracking along the fémoral prosthe- 
sis. The proximal edge of the allograft bone is beveled to 
form a dovetail. The récipient bed in the proximal tibia is 
mated to allow a lock-and-key fit with a reverse oblique eut 
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FIGURE 27-1. Anterioposterior (A) and latéral (B) radiographs show a fractured inferior patella with 
disruption of the extensor mechanism. The révision TKA was functioning well before the fracture occurred. 



FIGURE 27-2. The tibial tubercle component of the allograft is 
fashioned to fit within a prepared bed in the host proximal tibia. 



FIGURE 27-3. The allograft tubercle is attached centrally in the 
région of the native tubercle. The proximal edge of the allograft bone 
is beveled to form a dovetail. The récipient bed in the proximal tibia is 
mated to allow a lock-and-key fit with a reverse oblique eut. 


(Fig. 27-3). The tubercle attachment is often a snug press-fit, 
but it is secured with either two or three cerclage wires or 
two interfragmentary screws (Fig. 27-4). The patella allo¬ 
graft is best left unresurfaced. The allograft patella is aneural, 
and therefore any anterior knee pain would not be likely to 
eminate from the allograft patella when unresurfaced. Resur- 
facing of the patellar allograft may prédisposé to implant 
loosening or fragmentation from necrosis of the allograft. 

The allograft quadriceps tendon is sutured to the sur- 
rounding host tissue using a No. 5 nonabsorbable suture with 
a running Krackow stitch (Fig. 27-5). When suturing the 
quadriceps tendon proximally it is paramount to maximally 
tension the allograft with proximal pull in full extension. After 
a secure side-to-side repair is achieved, the surrounding tissues 
should then be sutured over the extensor mechanism allograft 
to enhance vascularity of the allograft (Fig. 27-6; Fig. 27-7). 



FIGURE 27-4. The tubercle attachment is secured with either two or 
three cerclage wires or two interfragmentary screws. 
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FIGURE 27-5. The allograft quadriceps tendon is sutured to the 
surrounding host tissue using a No. 5 nonabsorbable suture with a 
running Krackow stitch. 



FIGURE 27-6. After a secure side-to-side repair is achieved, the 
surrounding tissues should then be sutured over the extensor 
mechanism allograft to enhance vascularity of the allograft. 


Some early faillir es from extensor mechanism laxity likely 
resulted from early stretching that occurred when range of 
motion and integrity of the repair were assessed intraopera- 
tively with passive flexion. In time, the extensor mechanism 
will likely stretch, and therefore the goal at surgery is to over- 
tighten the extensor mechanism as much as possible. Avoid 
assessing the flexion arc intraoperatively, after the graft has 
been tensioned and sutured to the surrounding tissues. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

A highly supervised postoperative protocol is used. Postoper- 
atively, a long leg extension cast or locked brace is used for a 
minimum of 6 weeks followed by bracing for an additional 
period of time, initially limiting flexion to 30 degrees. Iso¬ 
métrie exercises are begun immediately (in the cast or brace). 
Three months postoperatively, knee flexion to 90 degrees is 


allowed as tolerated and active knee extension against gravity 
is then begun at 3 months. 

OUTCOMES/RESULTS FOR TECHNIQUE 

Several sériés hâve reported reasonable success with extensor 
mechanism allograft. 20-22,42 Emerson et al. 21 reported no 
extensor lag in six of nine patients at a mean 4.1 years after 
extensor mechanism allograft reconstruction. Two patients 
had active extensor lags of 25 degrees or less, and one of 40 
degrees. The authors attributed these extensor lags to techni- 
cal errors in quadriceps tensioning during surgery. Five of the 
nine patients were reportedly ambulating without assistive 
devices, three used canes for support, and one used a walker. 
Complications reported included graft rupture (one), quadri¬ 
ceps junction disruption (one), patellar component loosening 
(one), and graft fracture after révision of a métal backed patella 
(one). The authors now acknowledge that patellar resurfacing 
of these allograft tissues is not necessary. 21 Emerson et al. 
suggests that this salvage procedure is extremely useful for 
elderly patients who place low demands on the knee. 

In a sériés by Nazarian and Booth, 22 23 of 36 patients 
had full active extension without an active extensor lag. 
Extensor lag was noted in 15 of 36 patients and averaged 
13 degrees at a mean of 3.6 years after extensor mechanism 
allograft reconstruction (range, 2 to 10 years). Eight extensor 
allograft failures occurred. Six allografts failed at the quadri¬ 
ceps anastomosis, and two failed at the tibial tubercle 
junction. The proximal failures occurred between 6 months 
and 4 years after surgery and were treated successfully with 
repeat allografting. Two patients with proximal re-ruptures 
hâve elected no further surgery and currently ambulate using 
a locked knee brace. Two distal failures occurred within the 
first 3 months and were treated with repeat extensor mecha¬ 
nism allografting and are now considered successful. While 
six patients required repeat allograft surgery, at most recent 
follow-up ail except two patients are considered successful. 
Ten patients ambulate with the assistance of a cane, and 
two use a walker. 

Comparable results hâve not been observed by Léopold 
et al. 43 In a sériés of seven extensor mechanism reconstruc¬ 
tions using entire extensor mechanism allografts, the authors 
reported an extensor lag of 30 degrees or more in ail patients, 
although the authors acknowledge that undertensioning of 
the allograft at the time of surgery and atténuation of the 
graft may hâve played a rôle in these so-called failures. Ail 
except one of the patients used an assistive device full time 
for ambulation, although only two patients were reportedly 
dissatisfied with the procedure. In these cases, pain relief 
from révision arthroplasty rather than restoration of extensor 
function was the likely source of satisfaction. 

SUMMARY/CONCLUSION 

Extensor mechanism disruption is a devastating complication 
after TKA because of the tremendous importance of the exten¬ 
sor mechanism and variable success of operative treatment. 
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FIGURE 27-7. Anterioposterior (A), latéral (B), and sunrise (C) radiographs one year after extensor 
mechanism allografting. 


When nonoperative treatment is unlikely to provide a reason- 
able resuit, then surgical options must be considered. Patients 
should be counseled preoperatively about the risk of residual 
extensor mechanism weakness and the complications asso- 
ciated with surgical repair or reconstruction. 
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Evaluation and Treatment 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The incidence of stiffness following total knee arthroplasty is reported to be approximately 10 0 /o. 1,2,3 The purpose of this 
chapter is to define a systematic approach toward the évaluation and treatment of patients with stiff knee replacements. In addition, spécial 
emphasis will be placed on techniques and pearls for exposure and subséquent knee reconstruction. 

IMPORTANT POINTS: 

1. Manipulation under anesthésia may be an effective method to treat stiffness in patients with well-fixed and balanced total knee replacements. 

2. Stiffness may be a manifestation of joint inflammation. Prior to révision arthroplasty, deep prosthetic joint infection should be ruled out. 

3. Exposure of the stiff knee should be carried out patiently and systematically. Thorough debridement of scar tissue from the gutters, mobilizing 
the extensor mechanism laterally, and externally rotating the tibial component decrease the risk of patellar tendon injury. 

4. Restoration of posterior fémoral condylar offset is essential for maximizing knee flexion and minimizing flexion gap imbalance 
and impingement. 

5. A quadriceps snip may be used to expose the stiff total knee replacement and does not alter the postoperative rehabilitative course. 

6. In cases of extreme joint ankylosis, a tibial tubercle osteotomy can be performed. In such cases, a tapered and long osteotomy of the 
proximal tibia decreases the risk of nonunion and tubercle migration. 

CLINICAL/SURGICAL PEARLS: 

1. The stiff knee should be approached via a standard médial parapatellar exposure. 

2. Scar tissue should be completely debrided from the médial and latéral gutters. 

3. The patella does not need to be everted during révision total knee replacement. 

4. The médial collateral ligament should be completely and circumferentially released from the proximal tibia. This will allow for external rotation 
of the tibia and removal of the polyethylene insert. 

5. If the patellar tendon is thought to be at risk, its insertion to the tibial tubercle can be protected either using sutures or a Steimann pin. 

6. A quadriceps snip should be performed at 4 to 5 cm from the superior pôle of the patella at a 45-degree angle. 4 

7. When performing a tibial tubercle osteotomy, a tapered and long piece of the proximal tibia should be resected to facilitate later 
reattachment. 

8. Reconstruction of knee should focus on the restoration of posterior condylar offset and achieving balance of the flexion and extension 
gaps. 

CLINICAL AND SURGICAL P1TFALLS: 

1. Failure to free the gutters will lead to suboptimal exposure and put the patellar tendon at risk. 

2. If the patella is everted, it should be done with care to protect against an avulsion of the patellar tendon from the tibial tubercle. 

3. Performing an extensive latéral release will help mobilize the extensor mechanism but will significantly devascularize the patella. 5 

4. A quadriceps snip performed too close to the superior pôle of the patella and at too sharp an angle risks transection of the quadriceps tendon. 

5. A thin and short tubercle osteotomy is difficult to reattach and risks graft migration and nonunion. 

6. Failure to restore posterior fémoral offset will lead to not only flexion gap imbalance but also loss in range of motion. 

VIDEO AVAILABLE: 

Not available 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

Stiffness following total knee replacement (TKR) is a poten- 
tially significant source of pain, impairment, and patient dis¬ 
satisfaction. Clinically important stiffness is a challenging 
surgical problem because of difficult surgical exposure, 
extensive soft tissue dissection, and prolonged patient réha¬ 
bilitation. In general, stiffness is defined as suboptimal range 
of motion following surgery with limited flexion and an 
arc of motion less than 90 degrees. 6 The causes of loss of 
motion are varied, ranging from infection to joint imbalance 
and instability, arthrofibrosis, and hétérotopie bone forma¬ 
tion. 7 The purpose of this chapter is to présent a systematic 
évaluation and treatment strategy that addresses stiffness 
following total knee arthroplasty. 

INDICATIONS/CONTRAINDICATIONS 

The reported incidence of stiffness following TKR is between 
1.3% and 12%. 2 This problem should be approached in a sys¬ 
tematic fashion, directed first at delineating the cause(s) of 
loss of motion. A history of the involved joint including prior 
surgeries (arthroplasty and nonarthroplasty), prior history of 
joint sepsis, and if possible, preoperative and postoperative 
range(s) of motion should be obtained. The timing of onset 
of stiffness is another important considération in the évalua¬ 
tion process. A sudden loss of motion in a previously well 
functioning knee suggests mechanical failure, loosening, or a 
hematogenous infection. In general, patients with flexion 
limited to 90 degrees or less, moderate to severe pain, and 
important fimctional impairment should be considered for 
treatment. Reflex sympathetic dystrophy should be consid¬ 
ered in patients with severe pain out of proportion to physical 
examination findings, skin discoloration, hyper/hypohydrosis, 
and température disparities between the affected and unaf- 
fected limbs. Contraindications for treatment include painless 
stiff TKR, extensor mechanism deficiencies, active prosthetic 
joint infection, and severe medical comorbidity, régional pain 
syndrome or dystrophy, and severe osteoporosis. 

NONOPERATIVE MANAGEMENT 

As it is true with most complications in orthopédie surgery, 
the best course of treatment is prévention. Prior to TKR 
surgery, patients should be counseled about the need for 
aggressive réhabilitation following the procedure. Patients 
with posttraumatic arthritis and other conditions associated 
with poor preoperative range of motion should be regarded 
as high risk to develop postoperative joint contractures 
and loss or motion. 8 The use of adjunctive modalities such 
as cold compression or cryotherapy has also shown to 
decrease swelling and pain and improve immédiate postop¬ 
erative range of motion. 9 Finally, high-risk patients should 
be closely followed at regular intervals (2, 6, and 12 weeks 
and 6 months) in order to detect récurrent stiffness. 


MANIPULATION 

Patients who fail to reach 90 degrees of flexion at 6-week 
follow-up should be considered for manipulation under anes¬ 
thésia, although the timing and actual range of motion that 
trigger a manipulation are flexible. The timing of the proce¬ 
dure is a balance between allowing the patient to continue to 
make gains with time and exercise, and the rate of fibrosis 
that inhibits knee motion. While the appropriate energy 
needed for a successful manipulation is hard to quantify, it 
is reasonable to assume that earlier manipulation may be 
gentler and cause less damage to the surrounding soft tissues 
of the knee. Previous studies hâve shown that patients with 
well-balanced, aligned, and appropriately sized TKAs may 
significantly benefit from manipulation under anesthésia. 10,11 
Risks of the procedure include fracture, patellar tendon 
avulsion, and, rarely, wound dehiscence. 

In our practice, manipulation under anesthésia is per- 
formed between 6 to 10 weeks following surgery. Anesthésia 
takes the form of an épidural or long active spinal injection 
coupled with a brief general anesthetic that allows for com¬ 
plété paralysis and relaxation. The hip is then brought to 
flexion, and with the hand on the proximal tibia, a gentle 
and steady force is applied to the knee. Postoperatively, the 
patient is placed in a continuous passive motion machine 
(0 to 120) for a minimum of 8 hours. The patient is subse- 
quently dis char ged the following day to receive outpa tient 
physical therapy for a minimum of 5 consecutive days. 

SURGICAL MANAGEMENT 

Surgical management may be indicated when nonoperative 
management fails or when knee stiffness is identified 
between 6 and 12 months following surgery. Options for 
operative treatment include (1) arthroscopy, (2) polyethyl- 
ene exchange alone, (3) révision of the fémoral component, 
and (4) révision of both fémoral and tibial components. 
The procedure that is indicated dépends on a combination 
of host and surgical factors (Fig. 28-1). Prior to surgery, 
évaluation of ail possible sources of failure should be 
carried out. Laboratory studies should include a complété 
blood count (CBC with differential), érythrocyte sédi¬ 
mentation rate (ESR), and C-reactive protein (CRP). 
Radiographie évaluation should include plain radiographs 
(anteroposterior, latéral, and Merchant views) and a com- 
puted tomography scan if component malrotation or patel¬ 
lar maltracking is suspected. Ail knees should be aspirated 
prior to révision TKR. 

ARTHROSCOPY 

Arthroscopic debridement of a stiff TKR has gained popular- 
ity in recent years. The advantage of this procedure is that it 
is relatively less invasive and may reduce the wound-related 
morbidity associated with open arthrotomy. Drawbacks 
include potential damage to the tibial or fémoral components 
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FIGURE 28-1. Radiographie évaluation of the stiff total knee 
arthroplasty. Latéral radiograph of a stiff but well-fixed knee 
replacement. Note the relative patella Baja and the presence of 
"kissing" hétérotopie bone in the posterior fémur and tibia causing 
impingement. 


and the polyethylene insert. Arthroscopic access to the 
posterior aspect of the knee may also be limited. 

Arthroscopy is indicated in patients with well-fixed and 
balanced TKRs who continue to hâve unexplained pain. 
Generally, the procedure involves intra-articular lysis of 
adhesions coupled with manipulation under anesthésia. Ide- 
ally, the patient should be no more than 6 months past the 
initial surgery. 

Foliowing the induction of general anesthésia, the 
patient is placed supine and the leg is prepared in the stan¬ 
dard fashion. In contrast to the standard portais used in 
routine knee arthroscopy, the portais used when dealing 
with a prosthetic knee tend to be more superiorly placed to 
avoid polyethylene damage. We recommend that the knee 
first be insufflated with normal saline prior to insertion of 
the cannula into the antérolatéral portai. 

The cannula is first inserted into the suprapatellar 
pouch, and the anteromedial portai is established under 
direct visualization. A 3.5-mm shaver is used to thoroughly 
débridé the médial and latéral gutters, the intercondylar 
notch, and the area surrounding the patella (Fig. 28-2). 

Closure of the portais is carried out with 3.0 nylon 
vertical mattress sutures in a vertical mattress that incor¬ 
porâtes the capsular layer to prevent the formation of 
a sinus tract. 


REVISION TOTAL KNEE ARTHROPLASTY 
Exposure 

The exposure of the knee is carried out through a generous 
incision via a standard médial parapatellar approach. Anti¬ 
biotics should be withheld until fluid and tissue samples are 
sent for analysis. The synovium and scar tissue from the 
médial and latéral gutters of the knee need be completely 
debrided. A complété release of the superficial médial 
collateral ligament from the proximal tibia will allow for 
graduai external rotation of the tibia. The patella should 
be tucked into the latéral gutter and does not need to be 
everted during the procedure. Protecting the patellar 
tendon insertion throughout the entire case should be a 
high priority (Fig. 28-3). 

If, during the exposure, joint motion is severely restricted, 
more extensile approaches may be necessary to safely mobilize 
the knee. The quadriceps snip is an effective way to increase 
exposure without alterations to the patient’s postoperative 
réhabilitation protocol. First described by Insall, 12 the 
approach combines a médial parapatellar approach with a 
latéral snip of the quadriceps tendon performed proximal to 
the patella at a 45-degree angle (Fig. 28-4). Care should be 
taken to avoid making the snip too proximal and at too sharp 
an angle to avoid complété transection of the quadriceps 
tendon. Postoperative, patients may bear weight on the 
operated extremity and range their knees as tolerated. 

Tibial tubercle osteotomy may be considered in cases of 
severe joint ankylosis. 13 This approach should be considered 
only as a last resort for gaining exposure to the knee. Follow- 
ing a standard médial parapatellar arthrotomy and médial 
release, an 8- to 10-cm broad-based tapering osteotomy of 
the tibial tubercle is made with an oscillating saw. It is impor¬ 
tant to maintain the latéral periosteal hinge in this process. 
It is also helpful to leave a small shelf of bone proximally 
at the level of the joint to prevent proximal migration of 
tubercle (Fig. 28-5). In general, fixation of the osteotomy is 
accomplished with cerclage wires, although screw fixation 
has also been described. Following surgery using a tibial 
tubercle osteotomy, patients should be kept in partial weight 
bearing for 6 weeks and their knee motion should be limited 
to 90 degrees of flexion. 

LIMITED REVISION: POLYETHYLENE 
EXCHANGE 

For patients with well-fixed and well-aligned components, a 
limited révision with open release of soft tissues, knee 
rebalancing, and polyethylene exchange may be indicated. 
Prior to surgery, a thorough workup and évaluation need to 
be carried out. Operative reports with detailed inventory 
of manufacturer parts and sizes need to be reviewed. The key 
for the successful outcome of these procedures is the pres¬ 
ence of a balanced flexion and extension gap. 

Following a standard knee exposure, the existing poly¬ 
ethylene is removed. The insert and the fémoral and tibial 
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FIGURE 28-2. Arthroscopic debridement and manipulation of the knee. (A) There is often hypertrophie 
scar tissue formation surrounding the gutters and the intercondylar notch in patients with stiff knee 
replacements. (B) Using a small shaver, the scar tissue is carefully debrided without damage to the 
underlying components or polyethylene. (C) Knee joint following debridement. (D) Following closure 
and removal of ail excess fluid from the joint, manipulation is carried out with the patient still under 
anesthésia. 



FIGURE 28-3. Exposure of the stiff total knee. During exposure of the 
stiff knee, the médial collateral ligament is released from the proximal 
tibia as a sleeve. External rotation of the tibia/foot releases tension 
from the patellar tendon and allows for circumferential médial release 
of the médial collateral ligament. Note the patella is not everted 
during this process. 



FIGURE 28-4. Quadriceps snip. 
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FIGURE 28-5. Tibial tubercle osteotomy. When performing a tibial 
tubercle osteotomy, it is important to maintain a shelf of bone in the 
proximal tibial metaphysis to prevent proximal graft migration. 


components are carefully inspected for wear. Intraoperative 
cultures should be obtained and, if infection is suspected, 
frozen section samples are sent for analysis. The médial 
collateral ligament is released from the proximal tibial meta¬ 
physis and osteophytes and/or hétérotopie bone is removed. 
Using a laminar spreader, the flexion gaps are balanced 
médial and laterally; the tendency is for tightness of the 
latéral space. Using a bone hook, the distal fémur is elevated, 
and a subperiosteal release of the posterior capsule from 
the undersurface of the fémur is performed. 

The tibia is then eternally rotated and delivered ante- 
riorly. The capsule is released subperiosteally from the poste¬ 
rior aspect of the proximal tibia metaphysis. Following 
trailing and rebalancing of the knee, typically a smaller poly- 
ethylene insert is implanted. Occasionally, a latéral release 
may be necessary if patellar tracking is suboptimal. The goal 
is to obtain a knee that is balanced both in flexion and 
extension and with optimal patellar tracking. 

REVISION TOTAL KNEE ARTHROPLASTY 

Révision of the fémoral or tibial components may be 
required if the problem is loosening, malalignment, or 
imbalance of the flexion and extension gaps. It is important 
to remember the concept posterior fémoral offset when 
revising a stiff knee. Normally, the posterior condyle is 
offset from the posterior cortex of the fémur by a mean of 
25.8 mm. 14 Studies hâve shown the importance in recreating 
this offset in order to maximize postoperative range of 
motion. For each 2 mm in réduction in offset, there is a loss 
of 10 to 12 degrees of knee flexion. 15,16 

During primary knee arthroplasty, restoration of the 
posterior condylar offset is achieved through appropriate 
sizing of the fémoral component. This step is very important 
because it détermines the flexion gap. During révision 
arthroplasty, depending on the degree of bone loss, posterior 
condylar offset can be restored through the use of augments. 


The first issue that needs to be addressed is identifying 
the cause of knee stiffness. If the knee lacks both flexion 
and extension and the existing polyethylene insert cannot 
be downsized, then révision of the tibial component alone 
may be sufficient to address the problem. On the other hand, 
if there is an imbalance of the flexion and extension gaps or 
maltracking of the patellar component, then révision of the 
fémoral component may be needed. 

Révision TKR for stiffness should follow standard prin¬ 
cipes of révision knee surgery. Following careful removal of 
one or both components, the new implant is built from the 
tibial platform. If the tibial component is removed, the new 
tray should be stemmed and sized appropriately to maximize 
bone coverage. The rotation of the tibial component should 
be set at the junction between the middle and médial thirds 
of the tibial tubercle. Failure to do so will effectively increase 
the Q angle and lead to patellar maltracking. 17 

In certain cases, there is often thickening and redun- 
dancy of the posterior capsule, which anteriorly translates 
the tibia and prevents réduction of the tibial component 
under the fémur. The posterior capsule should be carefully 
debulked and released from the undersurface of the fémur 
and posterior aspect of the tibia. 

Following careful removal of the existing fémoral com¬ 
ponent, the distal fémur is inspected for bone defects and 
osteolysis. The fémoral canal is reamed to the appropriate 
size and an intramedullary guide System is inserted. The 
distal fémoral eut is freshened up, taking minimal bone. 
One must resist the temptation to remove excessive distal 
fémur; this will lead to joint line élévation, patella Baja, and 
decreased knee motion. 18 The sizing of the fémoral compo¬ 
nent is the key step in the révision process. The tendency is 
to undersize the fémoral component in order to match the 
anterior-posterior dimensions remaining fémoral bone stock. 
It is important to keep in mind that restoration of the poste¬ 
rior condylar offset will allow for easier balancing of the 
flexion and extension gaps and will allow for better postoper¬ 
ative range of motion. 

Rotation of the fémoral component is set parallel to the 
transepicondylar axis of the fémur. Bone graft or augments 
(most often required posteriorly) allow for the new prosthesis 
to sit on a stable platform. A stemmed fémoral component 
is then implan ted in the standard fashion. 

Following insertion of both tibial and fémoral compo¬ 
nents, an appropriately sized insert is selected. A non- 
constrained prosthesis is sufficient unless unacceptable 
ligamentous instability has resulted. The thickness of the 
insert should allow the knee to reach full extension with 
good médial and latéral balance. With the knee at 90 degrees 
of flexion, a superiorly directed force is directed towards 
the fémur to détermine the likelihood of post jump. The best 
déterminant of postoperative flexion is intraoperative flexion 
with gravity assistance. 

Postoperatively, the patient is placed on a continuous 
passive motion device unless an osteotomy was performed 
for knee exposure. Otherwise, a standard réhabilitation pro¬ 
tocol is used. 
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OUTCOMES/RESULTS 

The outcomes from management of stiff knee replacements 
hâve been varied. While some sériés reported significant 
improvements with outcomes approaching uncomplicated 
primary TKRs, others hâve reported poor results and high 
degree of dissatisfaction. 19 

Manipulation under anesthésia may be an effective strat- 
egy to improve knee flexion when stiffness occurs. Keating 
et al. 20 reported on a sériés of 113 knees in 90 patients 
requiring manipulation for knee flexion less than 90 degrees 
and found that 90% of these patients improved their knee 
flexion an average of 3 5 degrees compared with immediately 
following knee replacement (105 degrees of flexion). In their 
sériés, they found that patients who ultimately required 
manipulation had lower preoperative flexion and lower base¬ 
line Knee Society scores. 20 In another large sériés, Pariente 
et al. 21 reported on a sériés of 5,714 knees and found an inci¬ 
dence of 7 % of knees requiring manipulation under anesthé¬ 
sia. Again, there was significant improvement in flexion 
(average 31 degrees), Knee Society pain and function scores, 
with the mean postoperative flexion was 102 degrees. Nine 
knees (14%) of this study required subséquent révisions 
ranging from polyethylene exchange to full fémoral and tibial 
component révisions. The overall success rate was 80%. 21 

Arthroscopic lysis of adhesions has also been shown 
effective in decreasing pain and improving range of motion 
in patients with stiffness following TKA. Jerosch and 
Aldawoudy 22 reported on a sériés of 32 stiff knee replace¬ 
ments treated with arthroscopic lysis of adhesions and found 
significant improvements in range of motion immediately 
following surgery (flexion 119), but at latest follow-up, the 
mean flexion had decreased to 97 degrees. The mean flex¬ 
ion contracture decreased to 4 degrees from 27 degrees while 
the Knee Society scores for both pain and function increased 
to an average of 86 and 81, respectively. 22 Other studies 
hâve shown similar improvements in range of motion, 
pain, and function following arthroscopy. 23,24 For isolated 
instances, arthroscopic release of the posterior cruciate liga¬ 
ment in cruciate retaining knees has led to improved range 
of motion. 25 

In contrast, limited polyethylene exchange for stiffness 
has been shown to be unpredictable and/or to lead to unsatis- 
factory results. Babis et al. 26 reported a sériés of seven patients 
with well-fixed implants undergoing arthrolysis and exchange 
of the polyethylene insert for stiffness following TKA. At final 
follow-up, ail patients had uniform discouraging results with 
only a mean arc of motion of 58 degrees. Therefore, in 
patients whose motion is significantly restricted where limited 
intervention is not likely to improve outcome, component 
révision rather than rétention should be considered. 26 

Studies looldng at the results of full knee révisions for 
stiffness hâve ail shown some improvements in range of 
motion, pain, and function. Kim et al. 1 reported significant 
improvements in pain and function scores in 52 of 56 patients 
(93%) following component révision. Nicholls and Dorr 27 


reported improvements in pain (92%) following component 
révision with a less predictable increase in knee motion 
(67%). However, the final outcomes hâve been in the satisfac- 
tory rather than the good to excellent range. Haidukewych 
et al. 28 reported on a sériés of 16 well-fixed aseptie TKRs 
revised for stiffness. At a mean of 42 months, 10 patients were 
satisfied with the results. The mean arc of motion improved 
from 40 degrees to 72 degrees, while the Knee Society scores 
for pain and function improved to 65 and 58 points, respec¬ 
tively. 28 When comparing the results of limited révisions to 
full component révisions, Keeney et al. 29 reported improve¬ 
ments of both range of motion and Knee Society scores in 
the limited révisions compared with improvements of range 
of motion with no change in clinical scores in the full révision 
group. They concluded that a limited soft tissue approach may 
be appropriate in some patients, while component révision for 
those with severe restricted range of motion was less 
predictable. 29 

SUMMARY/CONCLUSION 

Stiffness following knee replacement surgery is often multi- 
factorial. Factors contributing to stiffness can be character- 
ized as those intrinsic to the patient and extrinsic factors 
related to the surgical procedure. The results of both opéra¬ 
tive and nonoperative management are varied and outcomes 
do not approach those of an uncomplicated arthroplasty. As 
in many instances, the best treatment is prévention. Although 
intrinsic factors may limit the surgical resuit, attention to 
component sizing, restoration of the posterior condylar off¬ 
set, and ligament balancing are under the control of the sur¬ 
geon. These factors should be optimized to provide the best 
motion and stability possible, while minimizing the risk of 
postoperative stiffness. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: The classifications and the treatment of periprosthetic knee fractures will be discussed. These fractures are difficult to 

manage due to the presence and type of the knee implants, fracture pattern and location, limited amounts of bone for fixation, and poor bone 

quality that is often encountered. The optimal method(s) of fracture fixation or révision for these difficult cases is proposed. 

IMPORTANT POINTS: 

1. The majority of periprosthetic fractures require operative intervention. As a general rule, if the total knee implants are well fixed and well 
aligned, attempts should be made to retain the implants. The indications for surgical intervention are a displaced fracture and/or an unstable 
prosthesis. 

2. The contraindication for surgical intervention is advised in medically unstable patients. 

3. Various classification Systems hâve been proposed for supracondylar fémur fractures. We use the classification System proposed by Su et al. 
because it is simple and reproducible and aids in surgical management. 1 

4. The classification System proposed by Félix et al. for periprosthetic tibia fractures is our preferred classification System. 2 

5. Keating et al. described a classification System for periprosthetic patella fractures. 3 

CLINICAL/SURGICAL PEARLS: 

1. The most common surgical techniques described in the literature for treatment of periprosthetic fractures are open réduction and internai fixa¬ 
tion either with plate and screws, intramedullary nailing, and révision arthroplasty. As a general rule, a good resuit is defined if the patient 
has a minimum of 90 degrees of knee flexion, varus-valgus malalignment no greater than 5 degrees, flexion-extension malalignment no greater 
than 10 degrees, and fracture shortening of no greater than 2 cm. 

2. Preoperative factors that should be ascertained are the stability of the implants, the fracture location relative to components, surrounding 
bone quality, the type and design of the implants, and the medical and functional status of the patient. 

3. The most important factor in achieving a successful outcome in treating such fractures is the choice of the proper method of fixation and the 
préservation of blood supply to the fracture fragments. 4 

4. Bone grafts are an important adjunct in acute treatment and can be obtained as either autograft or allografts. 

5. If plate fixation is selected, long plates are recommended with locking screws if available with minimal stripping of the soft tissues or 
periosteum from the bone. 4 

6. The mortality rate after surgical intervention of periprosthetic fémur fractures is high (11%) and is similar to that after treatment for hip 
fractures. It is higher in patients treated by open réduction and internai fixation compared with révision arthroplasty. 5 

CLINICAL/SURGICAL PITFALLS: 

1. Surgical complications can be avoided by proper classification and management. 

2. Operative intervention is recommended for most fractures. 

3. As a general rule, if the total knee components are loose prior to fracture or loosened as a resuit of the fracture, révision arthroplasty with 
a long-stemmed component should be performed. 

4. On the other hand, if the total knee components are well fixed and there is adéquate bone adjacent to the implants, the fracture can usually be 
stabilized by one of a variety of fixation techniques, most commonly using plates or intramedullary devices. 

VIDEO AVAILABLE: 

*Periprosthetic Fracture Around the Knee 
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HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

There are more than 400,000 total knee arthroplasty (TKA) 
procedures performed in the United States annually. This 
number is expected to double over the next decade. 6 The inci¬ 
dence of knee periprosthetic fractures is expected to increase 
because of an increase in TKA performed, the increased sur- 
vivorship of the elderly with TKAs, and the increased activity 
of patients after TKA. 7 

Periprosthetic fractures can occur intraoperatively or 
postoperatively after TKA. The fractures include supracon- 
dylar fémur fractures, proximal tibial fractures, and patellar 
fractures. Management of these fractures is dictated by the 
type and location of the fracture in relation to the total knee 
components and the stability of the prostheses. Methods 
of treatment include casting, open réduction and internai 
fixation, external fixation, révision arthroplasty, or arthrodesis. 
It is important to understand which options are most appropri- 
ate for each type of fracture pattern since no treatment option is 
optimal for ail fractures. Early classification Systems focused on 
displacement as a guide to opérative versus nonoperative treat¬ 
ment; however, current surgical techniques and implants hâve 
made operative treatment the preferred choice for most of these 
fractures. 

The incidence of supracondylar periprosthetic fémur 
fracture after primary TKA is 0.3% to 2.5% and 1.6% to 
38% after révision surgery. These occur more frequently in 
older patients with osteoporotic bone. Periprosthetic tibia 
fractures are less common than supracondylar fémur or 
patella fractures because of the use of keeled or short stem tib¬ 
ial components. 8,9 Félix et al. 2 reported a 0.1% intraoperative 
and a 0.4% postoperative tibial periprosthetic fracture rate. 
The incidence of patellar fractures after total knee replace¬ 
ment is between 0.05% and 21%. Rates tend to be higher 
when the patella has been resurfaced. Overall, men hâve a 
higher rate of patellar periprosthetic fracture (1.01%) com- 
pared with women (0.40%). 10 

INDICATIONS/CONTRAINDICATIONS 
Supracondylar Periprosthetic Fémur Fractures 

The précisé définition of what constitutes a periprosthetic 
supracondylar fémur fracture has been evolving and increas- 
ing in the accepted distance from the knee joint line. In Neer 
et al.’s 1967 study, 11 the supracondylar région was defined as 
the lower 3 inches (7.62 cm) of the fémur. Culp et al. 12 later 
specified 9 cm proximal to the knee joint line and Sisto 
et al. 13 included ail fractures occurring within 15 cm proxi¬ 
mal to the knee joint line. Intraoperative fractures typically 
occur during total knee préparation or during knee manipu¬ 
lation for stiffhess after TKA. The most frequent mechanism 
for postoperative fractures is a low-velocity fall onto the 
knee. The majority of these fractures are metaphyseal (inter- 
condylar split or complété condylar fracture) or diaphyseal 
(anterior or antérolatéral cortical pénétration) within the 
distal 15 cm of the fémur. 


Risk factors for periprosthetic supracondylar fémur frac¬ 
tures include osteopenia/osteoporosis, rheumatoid arthritis, 
neurologie disorders, chronic steroid therapy, anterior cortical 
notching of the fémur, arthrofibrosis or knee stiffhess, and 
révision knee arthroplasty. It is unclear whether osteoporosis 
or chronic steroid use is the underlying etiology for increased 
risk of these fractures in patients with rheumatoid arthritis 
as both conditions are common in this population. In two 
studies on supracondylar periprosthetic fractures, the major¬ 
ity of patients had rheumatoid arthritis and many were 
chronic corticosteroid users. 14,15 Anterior cortical notching 
(which is cutting of the anterior fémoral cortex more than 
3 mm) clearly reduces the bending and torsional strength of 
the fémur in experimental studies. However, many authors 
suggest that remodeling and stress redistribution around 
the implant occur resulting in a low clinical fracture inci¬ 
dence. 12,16 In a sériés of 670 posterior cruciate retaining 
total knee arthroplasties, of which 180 cases (27%) had ante¬ 
rior cortical notching, only two patients sustained supracon¬ 
dylar fémur fractures (one with notching, one without). 17 
When the anterior cortical fémur is notched and a fracture 
occurs, the pattern is usually different than with unnotched 
fémurs. Notched fémurs tend to hâve short oblique fractures 
originating from the notched metaphyseal cortex, whereas 
unnotched fémurs tended to hâve more of a diaphyseal frac¬ 
ture pattern. Although no large clinical sériés hâve shown an 
increased incidence of periprosthetic fracture with notching, 
it is intuitively préférable to avoid anterior cortical notch¬ 
ing due to the weakened biomechanical interface between 
the distal fémur and the fémoral component. 17 Patients with 
a révision total knee replacement hâve an approximately 2- 
to 3-fold increased risk (a rate of approximately 1.6%) 
of fracture in the supracondylar région compared with 
primary TKA. 18 

Computer navigation for TKA has become increasingly 
popular because of its potential to improve the accuracy of 
placement of the fémoral and tibial components. Fémoral 
stress fractures hâve been reported at the pinhole site for 
the navigation trackers. As a resuit, it is recommended avoid 
transcortical pins which are asymmetrically placed, fully 
enclosed in cortical bone, and which weaken the bone more 
than unicortical or bicortical pins. 19 

Tibial Periprosthetic Fractures 

Tibial periprosthetic fractures are less common than supra¬ 
condylar fémoral periprosthetic fractures. Risk factors for 
these fractures include coronal malalignment (varus knee) 
and excessive anterior tilt of the tibial component. 20 These 
fractures can occur concurrently with fémoral fractures lead- 
ing to injuries that hâve been termed a “floating prosthesis.” 

Patellar Periprosthetic Fractures 

Risk factors for patellar periprosthetic fractures include 
patellae with very thin residual bone, those with a large 
central peg, in cases of tibiofemoral malalignment leading 
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to increased stresses in the patellofemoral joint, and in cases 
with osteonecrosis of the patella (often after latéral release). 

CLASSIFICATION SYSTEM 
Supracondylar Periprosthetic Fémur Fractures 

There are several classification Systems to describe supracon¬ 
dylar periprosthetic fractures. The Neer classification is 
based on fracture displacement only. 

Neer Periprosthetic Classification (Table 29-1) 

Type I—Undisplaced (<5-mm displacement and/or <5- 
degree angulation) 

Type II—Displaced > 1 cm (a) with médial fémoral shaft dis- 
placement and (b) with latéral fémoral shaft displacement. 
Type III—Displaced and comminuted. 

DiGioia and Rubash modified the Neer classification 
focusing on fracture displacement 21 (Table 29-2). Chen, 
Mont, and Bachner simplified the classification into two types, 
nondisplaced and displaced. 22 

Chen et al. Classification (Table 29-3) 

Type I—Nondisplaced. 

Type II—Displaced and/or comminuted. 

Rorabeck and Lewis included prosthesis stability (loos- 
ening) in their classification and emphasized the need to 
consider révision arthroplasty if the implant is considered 
loose. 23 

Lewis and Roratfsck Classification (Table 29-4) 

Type I—Undisplaced fracture; prosthesis intact. 

Type II—Displaced fracture; prosthesis intact. 

Type III—Displaced or undisplaced fracture; prosthesis loose 
or failing. 

TABLE 29-1 Neer Classification 10 

Type I Undisplaced (<5-mm déplacement and/or 

<5-degree angulation) 

Type II Displaced >1 cm 

a With médial fémoral shaft displacement 

b With latéral fémoral shaft displacement 

Type III Displaced and comminuted 


TABLE 29-2 DiGioia and Rubash Classification 20 

Group I Extra-articular, undisplaced (<5-mm 

displacement or <5-degree angulation) 
Group II Extra-articular, displaced (>5-mm 

displacement or >5-degree angulation) 
Group III Severely displaced (loss of cortical contact) or 

angulated (>10 degrees); may hâve 
intercondylar or T-shaped component 


TABLE 29-3 Chen, Mont, and Bachner Classification 21 

Type I Nondisplaced (Neer type II) 

Type II Displaced and/or comminuted (Neer types II 

and III) 


TABLE 29-4 Lewis and Rorabeck Classification 22 

Type I Undisplaced fracture; prosthesis intact 

Type II Displaced fracture; prosthesis intact 

Type III Displaced or undisplaced fracture; prosthesis 

loose or failing 


None of these classification Systems are currently widely 
used. While they indicate which fractures are amenable to 
nonoperative treatment, they do not aid in choosing from 
among available modes of surgical intervention. Su et al . 1 
proposed a classification System that may aid the surgeon in 
choosing the best operative option. 

Su and Colleagues Classification (Fig. 29-1) 

Type I—Fracture proximal to the fémoral component. 

Type II—Fracture originating at the proximal end of fémoral 
component and extending proximally. 

Type III—Any part of the fracture line can be seen distal to 
the upper edge of the anterior flange of the fémoral knee 
component. 

Other advantages of this classification System are that it 
is easy to use and has good interobserver and intraobserver 
reliability among orthopédie residents, joint reconstruction 
specialists, orthopédie traumatologists, and radiologists . 1 

Tibial Periprosthetic Fractures 

Félix et al. 2 proposed a classification System for peripros¬ 
thetic tibia fractures based on location of the fracture (Types 
1-4), fixation of the implant ([A] well fixed or [B] loose), and 
timing of the fracture (intraoperative or postoperative) 
(Fig. 29-2). 

Type 1 fractures—Prosthesis-plateau interface. 

Type 2 fractures—Around the tibial stem in the metaphyseal- 
diaphyseal area. 

Type 3 fractures—Tibial shaft fractures below the prosthesis. 
Type 4 fracture—Involve the tibial tubercle. 

Patellar Periprosthetic Fractures 

Keating et al . 3 described a classification System for these 
fractures. 

Type I—Vertical patellar fractures with stable implant and 
intact extensor mechanism. Nonoperative treatment is 
recommended. 
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FIGURE 29-î. Supracondylar classification. 


Type II 


Type III 


Type II—Horizontal patellar fractures with stable on unsta- 
ble implants and disruption of the extensor mechanism. 
They are subdivided into IIA if the séparation is less 
than 1 cm, and type IIB if it is 1 cm or more. 

Type III—Loose implant with an intact extensor mechanism. 
Patellae are sclerotic and collapsed in asymptomatic 
follow-up patient. 

SURGICAL TECHNIQUE 
Fémoral Supracondylar Fracture 

The goals of treatment, whether surgical or nonsurgical, are 
fracture healing and pain-free restoration and maintenance 
of knee range of motion. A good resuit is defined if the 
patient has a minimum of 90 degrees of knee flexion, varus/ 
valgus malalignment no greater than 5 degrees, flexion/ 


extension malalignment no more than 10 degrees and frac¬ 
ture shortening of no more than 2 cm. Fracture malunions 
can create abnormal stresses across the knee, leading to 
prématuré implant loosening and failure. Fracture pattern, 
location, displacement, patient’s general health, prefracture 
ambulatory status, bone quality, and prosthesis type need 
be considered in choosing the most appropriate treatment 
for these fractures. Stress shielding about the fémoral com- 
ponent may lead to distal fémoral osteoporosis that can 
impede distal fémoral fixation. 

Nonoperative management using skeletal traction, cast- 
ing, or cast-bracing was the preferential modality for many 
of these fractures in the past. However, these techniques 
are neither practical nor well tolerated in elderly patients. 
Long-term immobilization in a cast or cast-brace may resuit 
in significant loss of knee motion as well as malunion or non- 
union. Operative treatment is the preferred option for most 
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fracture classification. 
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supracondylar fémoral periprosthetic fractures, except when 
contraindicated due to medical comorbidities. If surgery is 
not an option, the patient should be maintained non-weight 
bearing with the extremity immobilized in extension for 
4 to 6 weeks and then gradually advanced on weight bearing 
based on fracture type, visible callus, clinical pain, and bone 
quali ty. 

If the fémoral component was loose prior to fracture 
or loosened as a resuit of the fracture, révision arthroplasty 
with a long-stemmed component should be performed. 
When using a stemmed révision fémoral component it is 
recommended that the stem extend proximally past the frac¬ 
ture site by at least two cortical diameters and the stem not 
exceed 190 mm as longer stems can impinge on the anterior 
bow of the fémur. 23 Numerous small cases sériés with the 
use of révision, with or without distal allograft struts hâve 
shown satisfactory results with minimal complications 15,2 5,26 
(Fig. 29-3). 

When the decision is made to retain the fémoral compo¬ 
nent, various forms of internai fixation devices can be used. 
Since the introduction of more rigid fixation devices such 
as locking plates, the use of condylar buttress plates has 
become less popular. Although the buttress plate allows for 
the placement of multiple screws distally in the fémur in 
multiple directions and excellent visualization of the fracture, 
these advantages may be outweighed by the soft tissue strip- 
ping and less rigid fixation than with a nail or fixed-angle 
device. Several small cases sériés hâve shown that this device 
is effective; however, many report an ultimate decreased knee 
range of motion. 8,18,27 

If an open réduction and internai fixation using plates 
and/or cables is to be performed, a latéral approach to the 
fémur should be used and the fracture reduced using either 
manual techniques with clamps, the use of a temporary exter- 
nal fixator, and/or the use of a temporary distraction device 
(fémoral distractor). The most common plates currently used 
for supracondylar fémoral periprosthetic fractures are angled 
blade plates, condylar screw plates, cobra plates, and locking 
plates. The condylar screw plate and the blade plate are sig- 
nificantly more rigid than a condylar buttress plate and allow 
for load sharing across the fracture. Among the traditional 
load-sharing implants, the condylar screw plate is technically 
easier to implant than a blade plate. 28 However, both of these 
plates also require significant soft tissue stripping for inser¬ 
tion. Locking plates hâve many advantages over traditional 
fixation devices, making them the treatment of choice for 
many of these fractures not better managed by révision or 
intramedullary devices. These locking plates combine much 
of the rigidity of fracture fixation provided by fixed-angle 
devices with the added advantages of multiple large-diameter 
locking distal screws. They can be inserted through a rela- 
tively small incision submuscularly with the screws placed 
percutaneously thereby minimizing soft tissue stripping. 

The early expérience with the locking plates involved the 
use of the plate as an internai fixator. Plates such as the Less 
Invasive Stabilization System (LISS; Synthes, Paoli, PA) were 
used such that ail of the screws were in locking mode and 


the fracture réduction was independent of the shape of the 
plate. More recently, combination plates (condylar locking 
plate; Synthes) hâve been developed where each hole can be 
used in either a locking of a nonlocking mode. Other designs 
allow for directional alterations of the locking screws to maxi- 
mize bone purchase with each screw prior to locking. Ricci 
and Borrelli 4 described a minimally invasive technique using 
a combination locking/nonlocking plates for supracondylar 
fémur fractures. The nonlocking and locking features of the 
plate System were both used. The plates were used in a hybrid 
mode as both réduction aids and as fixed-angle devices. Plates 
were used to maintain the réduction by securing them with 
nonlocking screws to both the proximal fragment and distal 
fragment. These traditional screws lag the plate to bone such 
that fracture alignment is mainly dictated by the curvature of 
the plate. After confirmation of satisfactory réduction and 
implant position with fluoroscopy, locking screws were fixed 
to the distal segment (two to four screws) and then subse- 
quently the plate was fixed to the proximal fragment. In this 
way, the device was used as a fixed-angle device to minimize 
the risk of varus fracture collapse (Fig. 29-4). 

If possible, the screws in the distal segment should be 
placed across both fémoral condyles. When interférence with 
the TKA fémoral component prohibited such bicondylar 
fixation, only shorter screws within the latéral condyle 
should be used. Indirect fracture réduction techniques should 
be used to minimize disruption of the soft tissue envelope 
surrounding the fracture site. 29 

Supracondylar nails can also be used to treat distal fémur 
periprosthetic fractures. The nails are inserted in a rétrogradé 
fashion through a médial parapatellar approach. In some 
cases, the end of the nail can be eut so that the distal interlock- 
ing screws can be placed more distally for very distal fractures. 
It is very important for the surgeon to know the exact type and 
manufacturer of the fémoral component in place in order to 
ascertain whether the intercondylar notch is open or closed 
and whether the opening is large enough to accommodate 
an intramedullary nail (Fig. 29-5). Most posterior cruciate 
retaining components hâve notch diameters ranging from 
11 to 20 mm. Cruciate substituting components tend to hâve 
narrower intercondylar spaces and in some cases hâve a 
completely closed box, eliminating the possibility of using a 
rétrogradé nail. It is recommended that the hole in the fémo¬ 
ral component be at least 1 mm larger than the nail to be 
inserted. Although some hâve suggested cutting a hole in the 
fémoral component in order to insert the nail if necessary, this 
is not currently recommended due to the risk of débris génér¬ 
ation that could lead to third-body wear. 1 If the notch in the 
fémoral component is too narrow to accommodate a nail, an 
alternative technique should be used. Results of case sériés 
using the supracondylar nails hâve a high union rate and good 
clinical outcomes. 30 More proximal fémoral fractures may be 
amenable to fixation with an antegrade fémoral nail; however, 
the distal fémoral fragment must large enough to accommo¬ 
date a minimum of two distal interlocking screws (Fig. 29-6). 

Fractures about stemmed fémoral components présent a 
distinct problem, because they already are canal filling. These 
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FIGURE 29-3. Anteroposterior (A) and latéral (B) views of a periprosthetic 
fracture extending distal to the anterior flange of the fémoral component. 
This fracture was treated by révision of the fémoral component with 
a stemmed component and a distal fémur allograft. Anteroposterior 
(C) and latéral (D) views postoperatively. 


fractures require alterna fixation techniques, such as attaching 
a hollow nail over the stem, or using plates in combination 
with cerclage techniques. 

External fixation has been sparsely reported as a treat- 
ment for periprosthetic supracondylar fémur fractures. Pin 
tract infections create a major risk for deep infection and 


external fixation is not advised for these fractures. Bone 
grafting (either allograft or autograft) of some fractureste 
may aid in time to fracture union. 

The most difficult periprosthetic fracture to treat is one 
with a loose implant combined with poor bone stock. In this 
case, often large bone deficiencies are encountered after 



CHAPTER29 Periprosthetic Fractures about Total Knee Replacements: Repair or Revise 309 






FIGURE 29-4. Anteroposterior (A) and latéral (B) views of a periprosthetic fracture starting proximal to the anterior flange of 
the fémoral component. This fracture was treated by open réduction and fixation with "the plate and screws." Anteroposterior 
(C) and latéral (D) views postoperatively. 


loose implant removal. In the case of mild to moderate bone 
loss (approximately 2 cm on the fémoral side and 5 cm on the 
tibial side), révision techniques for the bone loss include 
using metallic wedge augments, metaphyseal trabecular 
métal augments, and/or allograft bone. Augments can more 
commonly be used to fîll greater bone loss on the tibial side 
because the surgeon can use a combination of métal aug¬ 
ments and thicker polyethylene. If the bone loss is severe, 
then either a mega-prosthesis or structural allograft implant 
composite should be used. 31,32 A mega-prosthesis has the 


advantages of being free of allograft to host-bone interfaces 
that may or may not heal and also avoids the risk of graft 
résorption or fracture. Mega-prosthesis disadvantages include 
the inability to reattach soft tissues such as ligaments or the 
patellar tendon, and they usually require a rotating hinge for 
stability. A structural allograft-implant composite can allow 
reattachment of soft tissue and may restore bone stock 
for future surgery. In addition, press-fit stems may be used 
to stabilize the allograft prosthetic composite, whereas with 
mega-prosthesis the stem must be cemented or porous coated, 
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FIGURE 29-5. Preoperative (A, B) views and postoperative (C, D) views of rétrogradé nail fixation 
after fémoral supracondylar fracture. 


making future révisions difficult. Mega-prostheses are préfér¬ 
able for immunocompromised patients and patients who are on 
chemotherapy after resection of primary bone tumors around 
the knee. Kassab et al. 32 published a study of 10 consecutive 
patients who underwent révision TKA with distal fémoral 
implant-allograft composites for treatment of periprosthetic 
supracondylar fractures associated with major bone loss. The 
average postoperative Hospital for Spécial Surgery and SF- 
36 scores were 75 and 88, respectively. Nine of 10 patients 
achieved radiographie union, showed no migration and no 


loosening, and were able to bear full weight. Allograft-pros- 
thetic composite reconstruction has the advantage over 
mega-prosthesis in that it allows for reattachment of residual 
host bone with its attached host collateral ligaments and thus 
a semiconstrained or varus-valgus constrained (e.g., LCCK 
Zimmer, Warsaw, IN; TC3 DePuy, Warsaw, IN) rather than 
a hinged, prosthesis can be used. The implant is cemented to 
the allograft but not the host. The interface of host and 
allograft is fixed by a press-fit stem (not cemented and 
not porous coated) combined with a step eut or oblique 
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FIGURE 29-6. Anteroposterior and latéral (A) views of a periprosthetic fracture starting at the anterior flange 
of the fémoral component. This fracture was treated by fixation with an antegrade intramedullary nail. 
Anteroposterior and latéral (B) views postoperatively. 


osteotomy at the host-allograft junction. The host canal is 
therefore applicable for future révision surgery if needed. 
For the tibial side, the patellar tendon with host tuberosity 
can be fixed to the allograft if necessary. 31 

Tibial Periprosthetic Fracture 

Treatment of nondisplaced fractures that occur at the 
prosthesis-plateau interface (Type IA) is nonoperative with 
protected weight bearing and brace or cast immobilization. 
Treatment of displaced fractures that occur at the prosthesis- 
plateau interface (Type IB) is révision arthroplasty with a 
long-stemmed tibial component and modular augments with 


or without bone graft and/or cernent to address any structural 
defects caused by bone loss. 

Treatment of nondisplaced metaphyseal-diaphyseal frac¬ 
tures about the tibial stem or keel (Type 2 A) is immobilization. 
Displaced fractures (Type 2 B) should be fixed with traditional 
methods with révision arthroplasty with a long tibial stem 
and/or possible structural bone grafting (see Fig. 29-5). 

Treatment of nondisplaced tibial shaft fractures below 
the prosthesis (Type 3A) with a well-fixed prosthesis should 
be by traditional fracture fixation principles. When the 
implant is loose (Type 3 B), the treatment of these rare frac¬ 
tures dépends on the fracture pattern. In more proximal 
fractures, révision with a long-stemmed tibial component 
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will stabilize the fracture. In more distal fractures, fixation is 
performed first followed by a révision arthroplasty after 
union has been achieved. 

In fractures that involve the tibial tubercle (Type 4), the 
tibial component is rarely loose. Nondisplaced fractures can 
be treated with immobilization, whereas displaced fractures 
require open réduction and internai fixation with a method 
suitable to the fracture configuration. 

Patellar Periprosthetic Fractures 

In general, conservative treatment is recommended in the 
absence of an extensor lag and in fractures with well fixed 
patellar prostheses. Operative treatment may be difficult 
and usually indicated if there is maltracking, disruption of 
the extensor mechanism, and/or a loose patellar component. 
Tension band wiring is not usually successful in a resurfaced 
patella. Operative methods can be open réduction and inter¬ 
nai fixation, révision of the patellar component, and partial 
or complété patellectomy with advancement and repair of 
the extensor mechanism. 

POSTOPERATIVE RESTRICTIONS/ 
REHABILITATION 

Patients with periprosthetic fractures often hâve numerous 
medical comorbid conditions that should be managed prop- 
erly to mobilize the patients early and prevent life-threatening 
complications. Physical therapy of the knee dépends on type 
of fixation and bone quality. Early mobilization and continu- 
ous passive motion are also recommended when adéquate fix¬ 
ation has been achieved. Weight-bearing guidelines range 
from partial weight bearing to immédiate full weight bearing 
depending on fracture stability and patient factors. 33 

OUTCOMES/RESULTS FOR TECHNIQUE 

The ultimate goal of periprosthetic fracture treatment has 
been described by Cain et al. 34 as a pain-free knee with frac¬ 
ture union within 6 months to allow ambulation and range of 
motion to 90 degrees. More recently, management goals 
were described by Rorabeck et al. 35 These objectives encom- 
pass those of Cain et al. 34 but add that less than 2-cm 
shortening and 5-degree malalignment in the varus-valgus 
plane or 10-degree malalignment in the sagittal plane is 
acceptable. 

There are a variety of methods to address supracondylar 
fémur fractures. In most cases, operative management is 
recommended. More proximal fractures in which the fémoral 
implant allows for entry into the medullary canal should be 
treated with a supracondylar nail. Mid-term follow-up with 
this technique (2- to 7-year follow-up) has shown rétrogradé 
nail fixation to be a reliable technique to treat periprosthetic 
supracondylar fractures. This technique provides immédiate 


stability and a high rate of fracture union and has minimal 
morbidity and a low complication rate. 36 

More distal fractures are optimally treated with a fixed- 
angle device (in most cases, a locking plate). If there is significant 
comminution, particularly in cases requiring open réduction, 
the addition of bone grafts may promote fracture healing. In 
cases ofvery distal fractures or fractures with implant loosening, 
révision arthroplasty with segmentai prostheses or allograft 
prosthetic composites may be indicated. Results of révision 
using a distal fémoral allograft for periprosthetic supracondylar 
fractures of the fémur associated with poor bone quality showed 
this to be a viable salvage procedure in 9 of 10 patients treated in 
their study. 32 

A recent search of the literature prior to the introduction 
of locking plates yielded 361 reported periprosthetic fémoral 
fractures above total knee replacements. Of these, 140 cases 
(39%) were treated nonoperatively (casting, splinting, brac- 
ing, or traction); 44 cases had complications (31%), of which 
19 were delayed unions or nonunions (14%); and 25 were 
malunions (18%). Of the 221 (61%) operative cases (open 
réduction and internai fixation, intramedullary nailing, exter- 
nal fixation, révision TKA), there were 43 complications 
(19%), consisting of 6 infections (3%), 15 delayed unions 
or nonunions (7%), 10 malunions (4%), 6 hardware failures 
(3%), and other complications such as intraoperative death, 
pulmonary embolism, and impingement of hardware (3%). 3 

Results with the use of locking plates hâve just recently 
become available in the literature. These devices can be 
inserted using minimally invasive techniques, provide a 
fixed-angle construct, and provide rigid fixation even in os- 
teoporotic bone. Bong et al. 37 simulated supracondylar frac¬ 
tures proximal to a posterior cruciate ligament retaining 
TKA in paired human cadaver femora and stabilized them 
with either a retrograde-inserted locked supracondylar nail 
or the LIS S (Synthes USA). Results from this biomechanical 
study suggest that the retrograde-inserted nail may provide 
greater stability for the management of periprosthetic supra¬ 
condylar fémur fractures in patients with a posterior cruciate 
ligament retaining fémoral TKA component; however, the 
problems associated with insertion of the nail may make it less 
advantageous. 37 A recent study by Fulkerson et al. 38 showed 
good results after management of periprosthetic fémur 
fractures with a first-generation locking plate. Twenty-four 
patients with a mean âge of 69.4 years underwent fixation 
via percutaneous insertion techniques with a first-generation 
locking plate and screws. Union occurred in 86% of patients 
in 3 to 19 months. The authors commented that percutane¬ 
ous fixation is technically demanding as it requires stable 
fixation without direct visualization of the fracture site or 
the entire fixation device. 38 Jamali et al. 29 reported on 22 con¬ 
secutive patients with 24 (two bilateral) supracondylar fémur 
fractures treated with a locking condylar plate using indi¬ 
rect réduction methods. Eighty-six percent of the fractures 
healed. Most of the complications and nonunions occurred 
in patients that were diabetic or obese. 
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SUMMARY/CONCLUSION 

Periprosthetic total knee replacement fractures of the distal 
fémur and proximal tibia can occur intraoperatively or post- 
operatively. Intraoperative fractures should be fixed either 
inside the canal with an intramedullar nail or a stemmed 
component or outside the bone with a locking plate. Postop- 
erative fractures can occur with even relatively insignifiant 
trauma. The total knee components may be well fixed or 
loose. Operative management is almost always required. 
The method of treatment and whether to repair or revise 
dépend on factors such as the stability of implant fixation, 
location of the fracture, quality of the bone, and presence 
or absence of an open-box fémoral component. 31 

FUTURE CONSIDERATIONS 

It is important to improve the features of implants which can 
be used for fracture fixation. The new angular stable implant 
(Non Contact Bridging [NCB] plate; Zimmer Inc.) is reported 
to treat periprosthetic fémur fractures and combines conven- 
tional plating technique with polyaxial screw placement and 
angular stability and may be a viable device in periprosthetic 
fractures in elderly with osteoporotic bone. 33 We should 
also minimize the risk of this complication by treating and 
preventing bone osteoporosis of these patients. 
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CHAPTER PREVIEW 


CHAPTER SYNOPSIS: This chapter describes an approach to evaluating and treating the irretrievably failed Total Knee Arthroplasty. Surgical 
options including révision arthroplasty, arthrodesis and amputation are discussed. The technique of Intramedullary Compression Arthrodesis is 
described in detail and a video of the technique is provided for the reader. 

IMPORTANT POINTS: 

Defect assessment of the residual bony fémur and tibia 

Defect assessment of the soft tissue envelope of the knee including ligaments and tendons 
Evaluation of the contralatéral extremity 
Sélection of the surgical technique for arthrodesis 

CLINICAL/SURGICAL PEARLS: 

Please see surgical technique section. 


HISTORY/INTRODUCTION/SCOPE 
OF THE PROBLEM 

As our population continues to âge and the activity level of 
older patients increases, new demands are placed on the 
reconstructive surgeon. Periprosthetic fracture, aseptie loos- 
ening, septic failure, and complicated révisions of total knee 
arthroplasty (TKA) are increasing. 1-4 As arthroplasty devices 
remain implanted for longer and longer periods of time, the 
quality of bone left for révision deteriorates proportionately. 
Ail of these issues create significant challenges for the recon¬ 
structive surgeon. 

Berend and colleagues 5 describe and develop the con¬ 
cept of prosthetic disease. “Prosthetic disease encompasses 
the life of the patient with his or her prosthesis and repre- 
sents ail the possible failure modes of that prosthesis.” The 
challenges provided by the multiply revised knee and peri¬ 
prosthetic fractures create challenges that frequently hâve 
difficult solutions. The purpose of this chapter is to provide 
some insight into the potential solutions for these difficult 
problems. 

Fusion of the knee joint has been a standard procedure 
in orthopedics for décades. In the era of the tuberculous 
knee, arthrodesis was frequently selected as the preferred 
method of treatment. In 1932, Key 11 established the principle 


that rigid stabilization and compressive apposition of the 
osteotomized surfaces were required to achieve prompt 
union. In succeeding years, varying degrees of success were 
achieved with onlay grafts, bone plates, and intramedullary 
rods. 4,12-14 With the advent of antibiotics, the incidence of 
tuberculosis of the knee declined sharply and knee fusion 
became less common. By the 1960s, however, the increasing 
incidence of failed TKA revived interest in the arthrodesis 
procedure. 15 Modem arthrodesis stabilization procedures 
include intramedullary rods, external fixation, and, less com- 
monly, bone plates. The advantages of these alternatives hâve 
been widely reviewed. 16,17 

Today, the irretrievably failed TKA is the primary indi¬ 
cation for arthrodesis. Spécifie indications include advanced 
degenerative joint disease, persistent infection, persistent 
patellar dislocation or subluxation, and multiple prior knee 
surgeries with extensive bone loss and inadéquate soft tissue 
stabilization. For obvious reasons, knee fusion is contraindi- 
cated in cases of severe ipsilateral hip or ankle disease, severe 
segmentai bone loss, and contralatéral amputation. 

Throughout the decade of the 1990s, the techniques 
available for fusion of failed TKA had success rates that were 
less than fully satisfactory. External fixators were not able 
to provide postoperative (i.e., dynamic) compression. In 
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addition, the devices were complicated, tedious to apply, and 
cumbersome for the patient. With bone plates, it was diffi- 
cult to provide uniform compression across the large ostéo¬ 
tomies involved, and again no dynamic compression was 
possible. Also, the large incision opening required for large 
plates increased the liability of intraoperative infection in 
patients who had already shown susceptibility for such 
complications. 

Intramedullary rods offered a number of advantages. 
They were quick and easy to apply, they provided excellent 
bending rigidity, and, if adequately cross-locked, they gave 
good rotational rigidity. Because of the concern for overall 
rigidity, the early rods were often as large as possible, and 
one of the more popular, the Neff Rod, 18 extended from 
the hip to the ankle in the hope of attaining the maximum 
possible rigidity. To facilitate implantation of this long rod, 
it was provided in two pièces with a locking fixture in the 
middle to join the rods together. The fémoral and tibial rods 
were inserted separately and then united at the level of the 
knee. However, the locking mechanism was so large that 
the rod could only be removed in cases of subséquent infec¬ 
tion by first opening the knee and disrupting the union. If 
fusion had actually been attained and a decision was made 
to try to preserve the arthrodesis, this removal became a 
surgical procedure of monumental diffîculty. 

INDICATIONS/CONTRAINDICATIONS 

The goal of any lower extremity reconstructive procedure is 
to provide the patient with an opportunity to remain ambu- 
latory. Préservation of a sensate foot is basic to the goal of 
facilitating ambulation in this generally elderly population. 
A secondary, but nevertheless important, goal is to pro¬ 
vide the patient with a functional, painless knee whenever 
possible. Today, the single requirement for the création of a 
functional knee is an intact extensor mechanism. 

The development of modular révision Systems for failed 
TKA has significantly improved the ability of the reconstruc¬ 
tive surgeon to recreate a functional knee. The use of aug- 
ments and stems allows restoration of the joint line and 
compensation for defects heretofore solvable only by bone 
grafting. Given collateral ligament compétence and an intact 
extensor mechanism, stabilized reconstruction of the knee 
is now possible. With most Systems, up to 6 cm of bone 
loss can be successfully replaced with implant augmentation. 
When defects occur, which require larger defect manage¬ 
ment, more extensive procedures are required. 

Large segmentai defects commonly associated with 
supracondylar fractures above TKA also create significant 
challenges. Distal fémoral allograft replacement has been 
advocated as a potential solution for this problem. 6,7 

This form of salvage procedure is accomplished with the 
use of best-matched distal fémoral allografts for the osseous 
reconstruction of the distal fémur. A long-stemmed fémo¬ 
ral component, usually of the highly constrained or hinged 
variety, is then used to stabilize the knee. The fémoral 


component of the knee arthroplasty is first cemented to the 
allograft, and this composite is then fixed to the patient. 
Sound fixation of the graft-host bone interface, along with 
stable ligamentous or hinged control of the knee, is certainly 
important to the successful outcome of this procedure. Knee 
dislocation within the procedure has been a reported 
complication. 

In cases of multiple révision failure or other circum- 
stances, particularly those involving extensive loss of periar- 
ticular soft tissue stabilization, it may be impossible to 
exercise the option of révision arthroplasty and an alternative 
treatment must be considered. In the case of extremely old or 
infirm patients, the preferred outcome may well be a non- 
functional joint and acceptance of nonambulation rather 
than to subject such a frail patient to the rigors of additional 
surgery. For ail other patients, the possible treatments are 
limited to (1) amputation with a postoperative external pros- 
thesis, (2) knee fusion, and (3) (rarely) implantation of one 
of the current génération of tumor prostheses. 

Patients who hâve large bone defects and yet the extensor 
mechanism is intact continue to be candidates for reconstruc¬ 
tive procedures using tumor replacement prosthesis. There is 
good evidence that this procedure, even in the elderly, can 
provide a functional and cost-effective outcome, even if the 
patient uses the prosthesis for only 1 year. 

Individuals who hâve a nonfunctioning extensor mecha¬ 
nism, regardless of etiology, are faced with the decision of 
either amputation or arthrodesis. In this group of generally 
elderly patients, the préservation of a sensate foot is synony- 
mous with the ability to ambulate. 

Amputation 

Above-the-knee amputation of the limb in combination with 
an external prosthesis can provide a functional outcome to 
this difficult situation. 8-10 Such patients are usually able to 
perform the activities of daily living with a level of efficiency 
and personal satisfaction similar to those of an individual 
with an arthrodesis. However, the energy requirements for 
ambulation often preclude the patient’s ability to function 
as a community ambulatory, whereas the patient with an 
arthrodesis can function in this manner with significantly 
lower energy requirements. Furthermore, amputation may 
hâve a somewhat higher probability for long-term success 
than the hinged knee prosthesis. These considérations not- 
withstanding, the amputation option is often rejected by 
patients for cosmetic and psychologie reasons. For these 
patients, the arthrodesed knee is often the most suitable 
alternative. 

Arthrodesis 

Arthrodesis of the knee for failed TKA has an extremely 
varied outcome record. Most surgeons today rely on intra¬ 
medullary fixation as their method of choice. As with the 
other rods of this vintage, the Neff Rod incorporated no 
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mechanism specifically designed to provide intraoperative 
compression. If no cross-locking screws are used, dynamic 
compression is a possibilité but at the cost of reduced rota- 
tional stability. These shortcomings notwithstanding, the 
Neff Rod has proved to be a significant improvement over 
other fixation Systems. 

Recently, arthrodesis stabilization Systems based on 
shorter rods hâve become available. These short rod Systems 
include the Wichita Fusion Nail (WFN) 19,20 and similar 
custom-made devices. 21,22 They rely on cross-locking screws 
to achieve good rotational stability and can be manipulated 
to impart excellent intraoperative compression. One of these 
rods, the WFN, includes an ingenious design by which the 
locking mechanism incorporâtes a sliding allowance that 
permits dynamic (postoperative) compression without comp- 
romising rotational stability. Early expérience with these 
shorter rods indicates that a high and rapid rate of success- 
ful fusion can be expected. 

In the case of two-piece intramedullary rods (Neff and 
WFN), implantation is initiated through a conventional 
approach to the knee. The medullary canals are reamed and 
the distal fémur and proximal tibia are subjected to trans- 
verse ostéotomies. Anterior bone blocks are also removed 
from the distal fémur and proximal tibia to facilita te joining 
of the rods. The rods are then inserted through the knee 
for the WFN and rétrogradé through the hip and knee for 
the Neff rod. Transverse locking screws are then placed 
through both components with the aid of a drill guide or 
radiologically assisted positioning. The coupling device is 
inserted through the anterior window to join the rods at 
the level of the knee. In the case of the WFN, the coupling 
device is also used to impart interoperative compression 
across the ostéotomies. Finally, the bone blocks are replaced 
and the incisions are closed to complété the procedure. 

Rotating-Hinge Arthroplasty 

In extreme cases, conventional salvage arthroplasty, even 
with semiconstrained prosthesis, may be inappropriate 
because periarticular bone loss and the loss of soft tissue 
constraints are so extensive that adéquate stability of the 
knee joint cannot be achieved. Such instability is likely to 
be encountered where there is a total loss of the médial 
collateral ligament and/or major segmentai bone loss or 
comminuted fractures around the knee. In the presence of 
such extreme deficiencies, considération is now being given 
to salvage arthroplasty using second- or third-generation 
hinged prostheses with rotational capability. 

The initial nonrotating-hinged total knee devices were 
introduced by Waldius 23 and were intended for primary 
arthroplasty. These early devices had a history of poor out- 
comes due to high shear stress in the distal (tibial) bone 
cernent mantle and high wear rates at the metal-on-metal 
articulating surfaces. The cernent mantle stresses were due 
to the rigid fixation used, which could not accommodate 
the modest axial rotation imposed on the knee by normal gait 


kinematics. Subséquent design révisions, designated as the 
rotating-hinge knee prostheses, provide a limited range of 
axial rotation that appears to hâve reduced these stresses 
and the high failure rates in the tibial cernent. In addition, 
polyethylene bearing surfaces hâve been introduced to allevi- 
ate the wear problem. These modifications hâve indeed been 
effective in reducing the rate of unsatisfactory outcomes 
associated with the early nonrotating design. A number of 
reports are now available that indicate acceptable to good 
outcomes for the second and third génération designs, which 
hâve found acceptance for reconstruction following periar¬ 
ticular resection for neoplasm. These same design features 
also favor the use of these devices for salvage of failed TKA 
involving severe instability. A number of papers are now 
available 24-26 that report acceptable to good outcomes for 
treatment of these difficult cases with the newer rotating- 
hinge prosthesis. 

Success in these salvage procedures is facilitated by the 
availability of modular intramedullary inserts that improve 
medullary filling and reduce cernent mantel thickness. 
Design features such as metaphyseal sleeves are also helpful 
in dealing with problems of extensive bone loss where struc¬ 
tural bone grafts are required. 

Reports of the improved rotating-hinge devices success 
in treating the most difficult failed TKAs are encouraging 
but are limited to follow-up times in the range of 2 to 
6 years and patient populations of less than 20. Postopera¬ 
tive range of motion, knee function scores, and patient 
satisfaction were ail comparable to those for patients who 
had undergone simple salvage procedures with less severe 
complications prior to the index procedure. The overall 
complication rates could not be established with an accept¬ 
able confidence level due to the patient sample size. The 
actual ratios of complications to patient populations were 
3 of 14 (21%) 24 and 8 of 26 (31%), 26 suggesting that some 
problems are to be anticipated with this procedure. This is 
not surprising, however, given the extensive preoperative 
deficiencies with which the surgeons were faced. The most 
common complication was deep infection, which required 
aggressive treatment. Intraoperative bone fracture was also 
encountered and was successfully managed with cerclage 
wires or cables. Medullary lucency around the implant stem 
was not frequently mentioned. 

The lack of a functioning knee extension mechanism is a 
contraindication for révision with the rotating-hinged pros¬ 
thesis. In the case of a déficient extension mechanism that 
cannot be restored surgically, one of the nonarticulating 
alternative solutions must be accepted. 

While the failed TKA, with severe loss of periarticular 
bone and ligamentous stability, continues to présent the joint 
reconstruction surgeon with a major challenge, it is reassur- 
ing that several salvage procedures are now available that 
offer acceptable, if not idéal, outcomes. Surgeons who are 
faced with these cases should persist in looking to future 
reports on the long-term success of arthrodesis and of 
arthroplasty with the rotating-hinge prosthesis. 
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SURGICAL TECHNIQUE FOR 
INTRAMEDULLARY COMPRESSION 
ARTHRODESIS WITH THE WICHITA 
FUSION NAIL 

(Note: The following text and images for this section used 
and adapted with permission fforn Stryker Wichita Nail.) 

Introduction 

The Wichita® Fusion Nail (Fig. 30-1) is a device designed to 
provide simultaneous compression and intramedullary fix¬ 
ation for arthrodesis of the knee. The device is implanted 
through a single knee incision, using four main components: 
^Compression screw component (Fig. 30-L4) 

>Femoral component, 018 mm (Fig. 30-15) 

>Tibial component, 012 mm (Fig. 30-1C) 
pTransverse screws (4) (Fig. 30-1D) 

Th e fémoral component is bullet shaped with a distal diam- 
eter of 18 mm and a proximal diameter of 14 mm. The 
fémoral component inserts rétrogradé into the distal 
fémur and has two holes in its proximal end to accept 
transverse screws. 

The tibial component has a diameter of 12 mm and inserts 
antegrade into the proximal tibia. The tibial compo¬ 
nent has two sets of holes for transverse screw place¬ 
ment. The proximal set of holes is recommended 
except in cases of inadéquate bone quality in the proxi¬ 
mal tibia. In these cases, the distal set of holes may be 
used. 

The compression screw component is used to lock together 
the fémoral and tibial components. As the screw is 
tightened, the eut surfaces of the fémur and tibia are 
drawn together and compression is generated across 
the joint line. 



FIGURE 30—1 , The Wichita Fusion Nail. (A) Compression screw 
component. (B) Fémoral component, 0 18 mm. (C) Tibial component, 
0 12 mm. (D) Transverse screws (four). (Adapted with permission from 
Stryker Wichita Nail.) 


The 6.0-mm self-tapping transverse screws are available in 
25- to 60-mm lengths with 5-mm incréments. Using 
the dedicated Wichita Instrumentation, transverse 
screws may be positioned without the use of image 
control. 

Preoperative Planning 

Preoperative templating is essential for successful implanta¬ 
tion of the Wichita Nail (Fig. 30-2). Prior to surgery, antero- 
posterior and latéral radiographs should be obtained, and 
templating is performed to ensure proper fit of the implants 
within the fémoral and tibial canals. It is also important at 
this stage to be sure that the sites of the transverse screw 
holes will be in bone of good quality. 

Natural Valgus Alignment 

Although it is very important to restore the natural valgus 
alignment of the knee in TKA or ostéotomies about the knee 
to provide normal joint mechanics, with knee arthrodesis, 
the critical issue is efficient placement of the foot at the 
center of the gravity during normal gait. To be able to 
accomplish this, the knee has to be arthrodesed in 0 degrees 
of varus and 0 degrees of valgus or even positioned in slight 
varus. The act of placing the foot efficiently at the center 
of gravity during gait reduces the amount of energy required 
for ambulation. 

Incision and Préparation 

The knee is approached through a direct mid-line incision 
using a médial parapatellar approach. The quadriceps muscle 
is split at the junction of the vastus medialis and quadriceps 
tendon. 

Distal Fémoral Cut 

A starter hole is created approximately 5 mm anterior to 
the insertion of the posterior cruciate ligament, using a 
j^-inch drill bit. A ^-inch drill bit is then used to open the 
distal fémur. After slowly passing an intramedullary align¬ 
ment guide, the distal fémoral cut is made with 0 degrees 
of varus and valgus, and 0 to 5 degrees of flexion. The level 
of the cut should be sufficient to expose good trabecular 
bone. 

Technical Hints: Flexion is achieved by reaming perpen- 
dicular to the transverse bone cuts. If, for example, 
6 degrees of valgus correct varus flexion is desired, both 
the fémur and tibia can be cut into 3 degrees of posterior 
slope. Once transverse cuts hâve been made, reaming 
should start slightly posterior to the center of the shaft 
and progress slightly anteriorly. 

By positioning either the fémoral or tibial rod more posteri- 
orly at the articulation, this will allow for 5 to 10 degrees 
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FIGURE 30-2. Preoperative planning. Valgus 

(Adapted with permission from Stryker 
Wichita Nail.) 


Correct Varus 

a a 








and occasionally more flexion depending on the meta- 
physeal size. 

Since flexion is built into the joint by reaming posterior to 
anterior, the degree of flexion that can be achieved 
dépends on the size of the fémoral canal and thus will 
vary from patient to patient. 

In a large patient, there is more room to safely advance the 
reamer in an anterior direction. Therefore, a greater 
degree of flexion can be obtained. In a small patient, 
the degree of possible flexion will be very limited. 

Proximal Tibial Cut 

A starter hole is created using a ^-inch drill. After 
positioning an intramedullary alignment guide, the proximal 
tibial cut is made with 0 degrees of varus and valgus, and 
0 to 5 degrees of flexion. The level of the cut should be 
suffîcient to expose good trabecular bone without undue 
shortening. 


Fémoral Reaming 

The fémoral reamer is used to préparé the fémoral canal 
(Fig. 30-3). Advance the reamer slowly until the circumfer- 
ential depth marking of the reamer reaches the level of the 
distal fémoral bone cut, and remove. 

Fémoral Component Implantation 

Attach the fémoral component to the fémoral target frame 
by aligning the fémoral component keyway with the target 
frame key (Fig. 30-4). Turn the target frame knob clock- 
wise until the implant is firmly seated and the knob is 
tight. (Note: Proper attachment of the component to the 
target frame is required to assure successful implantation of 
the device.) 

In order to ensure proper alignment of the hole locator 
prior to implantation of the fémoral component, mount the 
appropriate hole locator (left leg or right leg) on the fémoral 
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FIGURE 30-3. The fémoral reamer is used to préparé the fémoral 
canal. ( Adapted with permission from Stryker Wichita Nail.) 


FIGURE 30-5. The fémoral component is inserted with the target 
frame handle aligned with the center of the fémoral shaft. (Adapted with 
permission from Stryker Wichita Nail.) 



FIGURE 30-4. The fémoral component is attached to the fémoral 
target frame, aligning the fémoral component keyway with the target 
frame key. (Adapted with permission from Stryker Wichita Nail.) 



FIGURE 30-6. With the hole locator mounted on the latéral side, two 
transverse screws are positioned. (Adapted with permission from Stryker 
Wichita Nail.) 


target frame on the latéral side (Fig. 30-5). Use the hole locator 
knob to secure the locator to the target frame. Proper align- 
ment can be checked visually by ensuring the holes of the 
locator are in-line with the transverse screw holes in the 
fémoral component. 

Once proper alignment is obtained, place the knee in 
sufficient flexion to allow for insertion of the fémoral compo¬ 
nent. Insert the component into the fémoral canal, aligning 
the target frame handle with the center of the fémoral shaft 
(Fig. 30-6). The transverse screw holes should be in the 
coronal plane. Once positioned, gently tap the target frame 
on the knob until the spikes are fully seated on the eut 
surface of the distal fémur. 

(Note: Retighten the target frame knob if necessary.) Drill 
pins can now be inserted through the distal target frame 
plate for added security of the target frame to the fémur. 
Two transverse screws are now positioned through the 
fémoral component following the technique outlined in 
the following section. Once screws are placed, remove 


the fémoral target frame and hole locator from the fémoral 
component. 

Transverse Screw Implantation 

1. A stab skin incision is made in line with the two holes in 
the hole locator. 

2. Insert the obturator into the tissue protector and position 
through the hole locator. 

3. With the tip of the obturator positioned against the 
bone, twist the T-handle to score the cortex. 

4. Remove the obturator. Leaving the tissue protector in 
place, insert the guide sleeve for the 4.5-mm frill. 

5. Drill a transverse hole through both the near and far 
cortices using the 4.5-mm frill. 

6. Remove the drill and guide sleeve from the tissue protec¬ 
tor and measure the appropriate screw length using the 
screw depth gauge. (Note: The screw depth gauge measures 
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thefunctional length ofthe screw. For example, if the reading 
on the gauge shows 60 mm, a 60-mm screw should he selected, 
which ensures hoth cortices are engaged hy threads. There will 
be a protrusion of the nonthreaded, tapered end of the screw. 
Transverse screw s are available in 5-mm incréments. When 
determining screw length, if the exact length measured is not 
available, always “round up” to the next size.) 

7. Select the appropriate length transverse screw compo- 
nent and affix the screw to the T-handled screwdriver. 

8. Pass the screw and driver through the tissue protector 
and turn the T-handle in the clockwise direction until 
the screw is tight. (Note: Grooves are provided along the 
length of the screwdriver so that forward progress can be 
visualized.) 

9. Once the screw is tight, remove the screwdriver and 
tissue protector. 

10. Repeat steps 2 through 9 for implantation of the second 
transverse screw (see Fig. 30-5). (Note: During insertion of 
the transverse screws, the knee should be supported by a 
surgical roll. This ensures the knee is arthrodesed in flexion.) 

Tibial Reaming 

The tibial reamer is used to préparé the tibial canal 
(Fig. 30-7). With the tibia translocated anteriorly, the reamer 
is placed in the center and neutral axis of the tibial shaft. 
Advance the tibial reamer slowly until the circumferential 
depth marking reaches the level of the proximal tibial bone 
eut, and remove. 

Anterior Tibial and Fémoral Bone Slots 

An anterior tibial bone slot is REQUIRED to allow for final 
assembly of the device. The tibial slot allows for proper 
placement of the tibial component within the intramedullary 
canal and permits attachment of the compression screw. 

The anterior fémoral bone slot is OPTIONAL. However, 
creating the fémoral slot can be an important adjunct to 



FIGURE 30-7. The tibial reamer is used to préparé the tibial canal. 

(Adapted with permission from Stryker Wichita Nail.) 


proper rotational alignment and may facilitate more rapid 
arthrodesis by allowing for placement of a bridging bone 
graft anteriorly across the eut surfaces of the two bones. 
(Note: The basis for this approach is similar to the Blair technique 
for tibiotalar arthrodesis .*) 

The slot marking jig and slot marking block are used to 
détermine the location of tibial and fémoral bone slots. 
(Note: It is especially important to be certain of the proper rota¬ 
tional alignment of the fémur and tibia prior to marking bone 
slots) 

Prior to inserting the slot marking jig into the tibial 
canal, the jig slide should be closed and the thumb wheel 
tightened. With the knee placed in an adéquate degree of 
flexion to insert the slot marking jig, position the jig in 
the tibial canal with the post oriented with the center of 
the tibial shaft (Fig. 30-8). Using a mallet, lightly tap the 
jig until it is fïrmly seated on the proximal tibia. 

With the leg placed back in extension and the fémur 
positioned against the slot marking jig, position the slot 
marking block on the post of the jig with the arrows pointing 
toward the fémur. The longer portion of the block should 
be positioned toward the tibia, and the shorter portion 
positioned toward the fémur. Slide the marking block onto 
the post until it stops; secure it to the jig by tightening the 
knob on the top of the block. 

Loosen the thumb wheel on the jig and spread open 
the slide as far as the surrounding tissue tension will allow, 
maximizing the space between fémur and tibia (Fig. 30-9). 
When the slide is spread as far as possible, retighten the 
thumb wheel to lock the jig in position. Two ^-inch- 
diameter drills may now be inserted through the holes 
of the slot marking block, fixing the marking block to 
the tibia. 



FIGURE 30-8. The slot marking jig is positioned in the tibial canal 
with the post oriented with the center of the tibial shaft. ( Adapted with 
permission from Stryker Wichita Nail.) 


* See Dennis DM, Tullos HS: Blair tibiotalar arthrodesis for injuries of the talus. 
J Bone Joint Surg Am 62A: 103—107, 1980. 
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FIGURE 30-9. The slot marking block is secured on the post of 
the slot marking jig. The thumb wheel on the jig is loosened and the 
slide spread open as far as the surrounding soft tissue will allow 
(maximizing the space between fémur and tibia). ( Adapted with 
permission from Stryker Wichita Nail.) 


Tibial Implantation 

Turn the thumb wheel on the tibial target frame in the 
counter clockwise direction until the clamping arm is in the 
fully extended position. This allows the small diameter of 
the proximal portion of the tibial component to be inserted 
into the slot of the target frame. Once this has been done, 
position the proximal end of the tibial component into the 
target frame slot, aligning the fiat surface of the implant with 
the fiat surface of the target frame slot (Fig. 30-11). It is 
important that the fiat of the implant is fully seated in the 
recess, as indicated by the engraved stop line. 

While applying downward pressure to the proximal end 
of the implant, tighten the thumb wheel until secure. Using 
the closed end of the compression screw wrench, tighten the 
thumb wheel of the target frame a maximum of one half turn 



FIGURE 30-10. Following the outline of the block, the bone slots 
are marked using an osteotome. (Adapted with permission from Stryker 
Wichita Nail.) 


Using an osteotome, mark the outline of the tibial bone 
slot by following the outline of the block (Fig. 30-10). If a 
fémoral bone slot is planned, mark this slot in the same fash- 
ion. After the slots hâve been marked, loosen the knob on 
the marking block and remove the jig from the tibial canal, 
leaving the marking block itself in place. Again, using an 
osteotome, complété the tibial slot (and fémoral slot, if 
applicable) through the anterior cortex. 

After the bone slots are completed, remove the marking 
block and drill pins from the tibia. A curette may be used to 
remove any interfering additional cancellous bone. The bone 
blocks removed should be saved for bone grafting at surgical 
closure. 


FIGURE 30—11 . The tibial component is loaded onto the tibial target 
frame. (Adapted with permission from Stryker Wichita Nail.) 
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FIGURE 30-12. The tibial component is positioned in the tibial 
canal with the target frame slide retracted and the handle oriented 
ante ri Orly. (. Adapted with permission from Stryker Wichita Na il.) 


to further secure the implant in place. Once the thumb wheel 
is tightened, retract the target frame slide. 

With the knee in flexion, position the tibial compo¬ 
nent into the tibial canal, with the target frame handle ori¬ 
ented anteriorly (Fig. 30-12). The tibial target frame should 
be advanced distally to the maximum depth of the tibial 
bone slot. 

Place the knee in extension and advance the tibial com¬ 
ponent cephalad to engage the inner fiat surface of the fém¬ 
oral component (Fig. 30-13). Slight rotation of the tibial 
target frame may be necessary to ensure proper fémoral 
and tibial interlock. 

Extend the target frame slide into the joint space to 
maintain the proper space between the fémur and tibia. 
(Important: While holding the foot, compress the knee joint 
and, once again, check proper alignment of the extremity.) 
Two ^-inch-diameter drills may now be placed through the 



FIGURE 30-13. With the knee in extension, the tibial component is 
advanced cephalad to engage the inner fiat surface of the fémoral 
component. The target frame slide is extended into the joint space. 

(Adapted with permission from Stryker Wichita A/o/7 .) 


target frame slide to secure the target frame to the eut 
surface of the proximal tibia. 

Mount the appropriate hole locator (right leg or left leg) 
on the tibial target frame on the médial side. (Note: The hole 
locator is mounted on the proximal hole of the tibial target frame 
if the proximal set of screw holes are to be used , it is mounted on 
the distal hole of the target frame if the distal set of screw holes 
are to be used.) Using the hole locator knob , secure the locator 
to the target frame and tighten. 

Two transverse screws are next implanted through the 
holes in the tibial component in the same manner as for 
the fémoral side (Fig. 30-14). (Note: The proximal set of holes 
should always be used unless bone quality is inadéquate. In these 
cases , the distal set of holes should be used.) 

Once the transverse screws hâve been secured, remove 
the hole locator and tibial target frame. 


Implant Assembly 

Position the compression screw component on the small diameter 
of the tibial component with its screw threads placed into the 
fémoral component (Fig. 30-15). Align and engage the open 
end of the compression screw wrench with the screw, and rota te 
clockwise to tighten (Fig. 30-16). 

It is helpful to apply constant downward pressure to the 
compression screw until the threads adequately engage the fém¬ 
oral component; otherwise, the compression screw may drop 
away from the tibial component into the posterior tibiofemoral 
gap. Continue tightening until a stable interface is created 
between the fémur and tibia (Fig. 30-17). ( Caution: Avoid over- 
tighteningas an intraoperative fracture may occurwith excessive force) 

Bone graft may now be added around the component, 
and the bone block(s) removed at the beginning of the proce¬ 
dure, may be replaced. (Note: If a fémoral slot has been made , the 
tibial bone block may be repositioned on the fémoral side and the fém¬ 
oral bone block positioned on the tibial side , to bridge across the eut 
surfaces as in the Blair technique referred to earlier) 



FIGURE 30-14. The hole locator is mounted on the médial side and 
two transverse screws are implanted. (Adapted with permission from Stryker 
Wichita Nail.) 
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FIGURE 30-T 5. The compression screw component is positioned on 
the small diameter of the component with its screw threads placed 
into the fémoral component. (Adapted with permission from Stryker Wichita 
Na il.) 



FIGURE 30-16. The open end of the compression screw wrench is 
aligned and engaged with the screw, and rotated clockwise to tighten. 

(Adapted with permission from Stryker Wichita Nail.) 



FIGURE 30-17. Tightening continues until a stable interface is 
created between the fémur and tibia. Bone blocks removed at the 
beginning of the procedure may be replaced. ( Adapted with permission 
from Stryker Wichita Nail.) 


Surgical Closure 

Prior to closure, anteroposterior and latéral radiographs are 
recommended to check on final screw placement as well as 
the overall fit of the implants within the intramedullary 
canal. The joint is irrigated and closed in the routine 
fashion. 

POSTOPERATIVE RESTRICTIONS AND 
REHABILITATION 

Recovery from the arthrodesis procedure using the Wichita 
Fusion Nail is not therapy intensive. Patients are encouraged 
to ambulate full weight bearing on the affected extremity. 
Supportive ambulatory aids are used for balance. Walkers, 
crutches, or canes may be required for the rest of the 
patient’s life to prevent falls. 

General rehabilitative guidelines for the overall condi- 
tioning of the patient are important in this particular popula¬ 
tion of patients. Dietary suppléments and particular attention 
to the patient’s protein balance are important to the overall 
recovery of the patient. 
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surgical exposure for, 198 
tibial components, 199-200 
Computer navigation 
advantages of, 304 

component position accuracy using, 285 
fémoral rotation using, 108 
knee alignment using, 105 
minimally invasive total knee arthroplasty, 
159, 162 

Constrained Condylar Knee, 205 
Constrained knee prostheses, 203-211 
Achilles tendon allograft, 208, 209/ 
advantages of, 224 
bone loss and, 205 
définition of, 203-204, 221 
degree of constraint, 204—205, 204/ 
diagnostic évaluations, 207 
fixation provisions, 205 
generic types of, 204—205 
hinged, 204, 224 
indications for, 205, 207, 224 
ligament advancements, 208, 208/ 
mechanical environment-destructive forces, 
205-207 
modularity, 205 
nonhinged, 204, 205 
purpose of, 205 
radiograph of, 209/ 224/ 
results of, 225 
stability of, 224 
surgical sequence for, 207-208 


Continuous passive motion 
for incision closure, 176 
for microfracture, 6 
postoperative uses of, 133 
Contractures 
flexion, 99-100, 111, 124 
quadriceps, 188 

Controlled drug release devices, 7 
Coonse-Adams approach, 188, 189/ 197 
Coronal plane instability, 169-170 
Cortical Windows, 201 
Coventry incisions, 149/ 

Coventry osteotomy 
contraindications, 41 
description of, 41 
indications for, 41 

latéral collateral ligament laxity caused by, 49/ 
outcomes, 49 
pseudo-patella alta, 41 
total knee replacement conversion of, 41 
C-reactive protein, 264, 265 
Cruciate ligaments 
anterior, 45, 50/ 

posterior. See Posterior cruciate ligament 

D 

Day 1 onward pain, 168 
Debridement. See Arthroscopic debridement 
Deep venous thrombosis prophylaxis, 133, 176 
“Delayed incision,” 148 
Dermal hypersensitivity, 171 
Descending genicular artery, 82 
Diabètes mellitus, 264 
Diaphyseal reaming, 232 
DiGioia and Rubash classification, of 
supracondylar periprosthetic fémur 
fractures, 305, 305? 

Direct exchange arthroplasty, 271-272 
Dislocation, 222, 222/ 

Distal fémoral osteotomy, 31-36 
compression, 35 
contraindications, 32-33 
goals of, 31 
history of, 32 
incisions, 33 
indications for, 32-33 
outcomes, 36 

postoperative restrictions, 35 
réhabilitation, 35 
results of, 36 
site for, 33 

technique for, 33-35, 33/ 
total knee arthroplasty after, 36 
Distal fémoral resection, 129/ 

Distal realignment, for patellofemoral 
maltracking, 282-283, 283/ 285 

E 

Engh defect classification System, 241, 241/ 
Epicondylar axis, 107 
Epicondylar bone, 94 
Erythrocyte sédimentation rate, 264, 265 
Exposure. See Surgical exposure 
Extended tibial osteotomy, 191, 191/ 192/ 
Extension gaps, 106, 106/ 109 
Extensor mechanism 
components of, 288 
disruption of, 288, 315 
imbalance of, 275-276 
Extensor mechanism rupture, 288-295 
allografts, 289, 291, 292, 292/ 294/ 
patella fractures, 290-291, 292/ 
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patellar tendon rupture, 289-290 
quadriceps tendon disruption, 289 
radiographs of, 289 
réhabilitation for, 293 
summary of, 288, 293-294 
surgical treatment of 
outcomes, 293, 294f 
postoperative restrictions, 293 
results, 293, 294/ 
techniques, 291-293 

F 

Failed total knee arthroplasty, 165-173 
arthrodesis in, 269 
classification System for, 168-172 
contraindications, 168 
etiology of, 194, 227 
coronal plane instability, 169-170 
infection, 168, 194, 219, 227 
instability, 169 
loosening, 168-169, 169/ 
métal sensitivity, 171 
osteolysis, 213 

sagittal plane instability, 170 
stiffhess, 170-171 
unexplained pain, 171-172 
évaluative worksheet for, 206/ 
indications for, 168 
late onset, 194 
limb salvage for, 314-324 
magnetic résonance imaging évaluations, 172 
pain types, 168 

Wichita Fusion Nail arthrodesis System. 

See Wichita Fusion Nail arthrodesis 
System 

Fasciocutaneous flaps, 180, 186/ 

Fémoral artery, 186 

Fémoral canal, 231-232, 233, 234/ 

Fémoral components 

computed tomography of, 278/ 

internai fixation of, 307 

lateralization of, 277 

long-stemmed, 201 

malpositioned, 275, 283 

malrotation of, 277 

medialization of, 279/ 

mobile-bearing total knee arthroplasty, 142 

oversizing of, 152, 152/ 171/ 

patellofemoral maltracking caused by, 276 

position évaluations, 277-279 

posterior condylar axis, 277, 279/ 

removal of, 199 

rotation of, 225, 277, 284 

size of, 203, 225, 279, 283 

stress shielding, 306 

supracondylar periprosthetic fémur fractures 
around, 307 

transepicondylar axis, 277, 279/ 

Fémoral condyle defect, 17/ 

Fémoral fractures, supracondylar periprosthetic 
allograft-prosthetic composite restoration 
for, 308 

Chen et al. classification of, 305, 305? 
classification Systems for, 305, 305?, 306/ 
définition of, 304 

DiGioia and Rubash classification of, 305, 305? 
distal, 312 

external fixation of, 308 

Lewis and Rorabeck classification of, 

305, 305? 

locking plate fixation of, 307, 312 
loose implant with poor bone stock, 308 
mega-prosthesis for, 308 
nail fixation of, 307, 310/ 311/ 


Neer classification of, 305, 305? 
nonoperative management of, 306 
open réduction and internai fixation of, 

307, 309/ 
outcomes of, 312 
risk factors for, 304 
stemmed fémoral components, 307 
Su et al. classification of, 305, 306/ 
surgical treatment of, 306-311, 308/ 309/ 
Fémoral nerve, 186 
Fémoral reaming 

mobile-bearing révision total knee 
arthroplasty, 243, 243/ 

Wichita Fusion Nail arthrodesis System, 
318,319/ 

Fémur. See also spécifie patellofemoral entries 
anteroposterior axis of, 277 
bone loss, 215, 236/ 
broaching of, 244/ 
defect classification, 241/ 
fractures of. See Fémoral fractures, 
supracondylar periprosthetic 
metaphyseal defect of, 239 f 
osteotomy of. See Distal fémoral osteotomy 
reaming of, 243, 243 f 
rotational alignment of, 106-108, 108/ 
size variations of, 152-153 
8 F-fluoro-deoxyglucose positron émission 
tomography, 267 
Finite element analysis, 136 
Fixation 

adjuvant, 227-237 
contraindications, 228-234 
goals of, 227 
indications for, 228-234 
summary of, 227 
locking plate, 307, 312 
open réduction and internai fixation, 

307, 309/ 

stem. See Stem fixation 
Fixed flexion deformity, 44-45, 47/ 
Fixed-bearing designs 
contact stresses in, 138/ 
development of, 136-138 
friction vectors, 144, 145/ 
kinematics of, 145/ 
polyethylene surface area for, 137/ 

Flaps 

complications of, 183 
free, 182-183, 182/ 

gastroenemius, 180, 181, 181/ 192, 192/ 
193 fi 290 

latissimus, 182, 182/ 183/ 
local fasciocutaneous, 180, 186/ 
prophylactic, 179 
Flexible osteotomes, 199 
Flexion contracture deformities, 99-100, 

111, 124 

Flexion gaps, 106, 106/ 109, 142, 207 

Flexion instability, 222 

Focal dôme osteotomy, 42, 47/ 

Fractures. See Periprosthetic fractures 
Free flaps, 182-183, 182/ 

Free muscle transfers, 183 
Fujisawa point, 40, 41/ 50/ 

Full-extension pain, 168 
Full-flexion pain, 168 

G 

Gait, 40 

Gallium 67 citrate, 266 
Gap balancing technique, 103 - 113 , 106 
anterior/posterior referencing, 109 
extension gaps, 106, 106/ 109 


flexion gaps, 106, 106/ 109 
goals of, 111 
indications for, 116 
measured resection and, 111-112 
posterior cruciate ligament sacrificing 
designs and, 106 
summary of, 103 

Gastroenemius flap, 180, 181, 181/ 192, 192/ 
193/ 290 

Gentamicin-impregnated 

polymethylmethacrylate bone cernent, 

270, 271 
Genu valgum 
balancing of, 129 

distal fémoral osteotomy for, 31-36 
compression, 35 
contraindications, 32-33 
goals of, 31 
history of, 32 
incisions, 33 
indications for, 32-33 
outcomes, 36 

postoperative restrictions, 35 
réhabilitation, 35 
results of, 36 
site for, 33 

technique for, 33-35, 33 f 
total knee arthroplasty after, 36 
predisposing conditions for, 32 
Genu varus 

anterior cruciate ligament deficiency, 45, 50 f 
balancing of, 129 

fixed flexion deformity with, 44-45, 47/ 
high tibial osteotomy for, 42-44, 42/ 
latéral collateral ligament laxity and, 45, 45/ 
latéral subluxation and médial plateau 
dépréssion with, 45-49, 52/ 56/ 
médial collateral ligament pseudolaxity, 

45, 46/ 

procurvatum deformity with, 44 
rotational deformity with, 49, 57/ 
surgical technique for, 42-44, 42/ 46/ 
tibial torsion with, 60/ 

Gerdy’s tubercle, 98, 281 
Gigli saw, 58/ 199, 200 
Global instability, 223 
Golden period, 262 
Gram stain, 265 
GUEPAR implant, 204 

H 

Hansen’s bone grafting, 251, 252/ 255 
Hematogenous infection, 264 
Hematoma, 150, 264 

Hemiplateau osteotomy, for varus deformity 
with latéral subluxation and médial plateau 
dépréssion, 45-49, 52/ 

High tibial osteotomy 
goal of, 40 
history of, 40-41 

latéral collateral ligament laxity caused by, 45 
L-shaped, for varus médial compartment 
arthritis, 49, 58/ 60/ 
mechanical alignment changes, 40 
outcome of, 40 

Hinge knee, 204, 224, 225/ 238, 239 
Hip-knee-ankle radiograph, 125, 125/ 126/ 

I 

Iliotibial band, 65 
anatomy of, 91, 96 
release of, 96, 97/ 

Immunoglobulins, 261 
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Implant assemblies, 245/ 

Incisions 

complications associated with, 147-148, 148/ 
continuons passive motion for, 176 
Coventry, 149/ 

“delayed,” 148 
depth of, 186 
healing of, 176/ 
médial capsular, 282/ 
midline, 175, 176/ 

minimally invasive total knee arthroplasty, 
156/ 

previous, 147-148, 148/ 175, 186, 196 
sham,176-177 

skin necrosis concerns, 147, 148-150, 148/ 
tibial tubercle osteotomy, 189, 190/ 
total knee arthroplasty, 8 
transverse, 149/ 175 
“U” shaped, 84/ 

Indium-111 scans, 250, 266-267, 266/ 
Infection, 257-273 
acute hematogenous, 267-268 
antibiotic prophylaxis for, 262 
bone loss caused by, 213, 213/ 
chronic, 268-269 
classification of, 267-268 
deep, 268 

diabètes mellitus and, 264 
early superficial, 268 
économie costs of, 259 
ectopic sources of, 261 
épidémiologie triad for, 260/ 
factors associated with 
patient-dependent, 261 
surgeon-dependent, 261-263 
failure caused by, 168, 194, 219, 227 
8 F-fluoro-deoxyglucose positron émission 
tomography scan of, 267 
gallium imaging for, 266 
golden period for, 262 
hematogenous, 264, 267-268 
history-taking, 260 
immunologie status and, 261 
indium 111 -labeled leukocyte imaging, 
266-267 

laboratory studies, 264-265 

late chronic, 267 

nutritional status and, 261 

operating room environment, 263-264, 263/ 

pain caused by, 214 

periprosthetic, 265, 270 

physical examination for, 260 

polymerase chain reaction test for, 265 

postoperative, 267 

radiologie studies, 264 

radionuclide studies, 265-267 

réhabilitation, 264—267 

risk/risk factors for, 195, 195?, 259, 264 

skin préparation and, 262 

summary of, 272 

technetium 99m phosphate imaging, 

265-266 

technetium 99m sulfur colloid imaging, 266 
treatment of 

amputation, 270, 270 f 
antimicrobiais, 269, 270-271 
arthrodesis, 269, 270 f 
arthroscopic debridement, 271-272 
indications for, 260-264 
postoperative restrictions, 264—267 
réhabilitation after, 271 
resection arthroplasty, 269, 271 
results, 271-272 
summary of, 272 
surgical, 268-271, 268/ 269/ 


Type 4, 268 

wound environment and, 262-263, 263-264 
Infrapatellar branch of saphenous nerve, 82, 83/ 
Insall proximal realignment technique, 282, 
282/ 285 
Instability 

constrained knee prostheses for. 

See Constrained knee prostheses 
coronal plane, 169-170 
diagnosis of, 205 
évaluation of, 223 
flexion, 222 
global, 223 
pain caused by, 169 
patellar. See Patellar instability 
recurvatum, 205, 222 
rotational, 222-223 
sagittal plane, 170 
summary of, 225 
tibiofemoral, 222 

after total knee arthroplasty, 222, 224-225 
varus-valgus, 206, 222 
Intervastus approach 
advantages of, 188 
anatomy of, 187/ 

Intramedullary canals, 234/ 

Intramedullaryrods, 232 f 269,270/ 272, 315, 316 
Intramedullary stem fixation, 221 

j 

J sign, 70, 276 

K 

Kinematic rotating hinge, 204 
Kinematics 

of cruciate rétention vs. cruciate substituting 
knees, 123 
définition of, 123 
Knee 

alignment of, 32, 32/ 
anatomy of, 81-83 
arteries of, 81, 82/ 175, 176/ 
flexion of, 63 

Fujisawa point, 40, 41/ 50/ 
laxity of, 40 

load transmission across, 38, 39/ 40 
mechanical axis of, 32, 38 
nerves of, 82-83, 83/ 
peripatellar anastomotic ring of arteries, 

175, 176/ 

vascular supply to, 81-82, 82/ 

Knee alignment 

anatomie, 104, 105, 105/ 
anatomy of, 104, 104/ 
classic, 104-105, 105/ 
computer navigation for, 105 
distal fémoral resection, 105 
in total knee replacement, 104—105 
Knee fusion, 272, 314 
Knee-Specific Pain Scale, 6 

L 

Latéral approach 
mini-, 158-159, 159/ 
révision total knee arthroplasty, 196 
Latéral collateral ligament 
laxity of 

description of, 40 
genu varus with, 45, 45/ 
high tibial osteotomy as cause of, 45 
origin of, 94, 96 


Latéral épicondyle, 108/ 

Latéral fémoral condyle, 277 
Latéral meniscus, 128 f 
Latéral retinacular release 
outcomes of, 285 

patellofemoral maltracking correction 
through, 281-282, 282/ 285 
postoperative restrictions, 284 
proximal realignment with, 282, 282/ 285 
technique for, 281-282, 282/ 

Latéral subluxation, genu varus with, 45-49, 

52 f 56f 

Latissimus flap, 182, 182/ 183/ 

Legacy Constrained Condylar Knee, 205 
Lewis and Rorabeck classification, of 
supracondylar periprosthetic fémur 
fractures, 305, 305 1 

Ligaments. See Collateral ligament; Cruciate 
ligaments 

Local fasciocutaneous flaps, 180, 186/ 

Locking plate fixation, for supracondylar 
periprosthetic fémur fractures, 307, 312 
Long-stemmed components, 201, 284 
Loosening 

failed total knee arthroplasty caused by, 
168-169, 169/ 234 
nuclear medicine imaging of, 250 
patellar components, 249, 250/ 
radiographs of, 264, 264/ 

Low contact stress knee, 138, 139 
Lower extremity 

anatomie axis of, 276/ 
forces acting on, 39 

mechanical axis of, 32, 38, 104, 104/ 276/ 
L-shaped high tibial osteotomy, for genu varus 
médial compartment osteoarthritis, 49, 

58/ 60/ 

Lubinus patellofemoral arthroplasty, 74, 75/ 
Lumbar sympathetic block, 171 
Lymphocyte transformation testing, 171 

M 

Magnetic résonance imaging 

before arthroscopic debridement, 5, 5/ 
osteochondritis dissecans lésions, 20 f 
painful total knee arthroplasty évaluations, 172 
Malnutrition, 261 

Maltracking. See Patellofemoral maltracking 
Manipulation, for stiff total knee arthroplasty, 
297, 299/ 301 

Maquet dôme osteotomy, 42, 47/ 

McKeever screw, 74 
Measured resection, 103-113, 109-111 
gap balancing technique and, 111-112 
goals in, 109 

joint line maintenance using, 111 
posterior cruciate ligament-retaining total 
knee arthroplasty use of, 116 
summary of, 103 

Mechanical axis, of lower extremity, 32, 38, 104, 
104/ 276/ 

Médial capsular incisions, 282/ 

Médial collateral ligament 

injury to, during total knee arthroplasty, 

151, 151/ 
laxity of 

description of, 40 

genu varus deformity with, 45, 46/ 
reconstruction of, 208 
superficial, 91, 92, 98 
Médial compartment osteoarthritis 

fixed flexion deformity and, 44-45, 47/ 
latéral collateral ligament laxity and, 45 
L-shaped high tibial osteotomy for, 49, 58/ 60 f 
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Médial épicondyle, 108/ 

Médial meniscectomy, 151, 151/ 

Médial parapatellar approach, 83, 283 
anatomy of, 84/ 187, 187/ 
midvastus approach vs., 87 
mini-, 157-158 

révision total knee arthroplasty, 196-197, 
196/ 

subvastus approach vs., 88 
technique, 83, 85/ 127, 127/ 128/ 129/ 
130/ 133/ 196/ 

Médial plateau dépréssion, 45-49, 52/ 56/ 
Médial proximal tibial angle, 46/ 
Mega-prosthesis, 308 

Merchant radiographs, 71, 73 f 7 5fi 127 fi 277, 
280/ 281/ 

Métal implants, 231 
Métal sensitivity, 171 
Metaphyseal bone, 228, 228/ 

Metaphyseal engaging stems, 230 f 
Metaphyseal sleeve 

fémoral broaching for, 244/* 
surgical technique for, 234, 237/ 
tibial, 228/ 242/ 

Microfracture, 11-12 

body mass index effects on, 2 5 
clinical/surgical pearls for, 14-15 
continuons passive motion for, 6 
history of, 11 
holes for, 14, 15/ 
indications for, 13? 
outcomes of, 25-26 
pitfalls of, 15 

postoperative restrictions, 6, 24-25 
réhabilitation of, 24 
studies of, 6 

technique, 14/ 15 fi 13-15 
Midas Rex, 199 
Midline incisions, 175, 176/ 

Midvastus approach, 84-86 
anatomy of, 84/ 
incisions, 86, 86/ 

médial parapatellar approach vs., 87 
mini-, 156-157, 156/ 157/ 158/ 
subvastus approach vs., 88 
technique for, 84, 86, 86/ 

Mini-lateral approach, 158-159, 159/ 
Minimally invasive total knee arthroplasty, 
155-164 

advantages of, 156 
blood loss associated with, 161 
characteristics of, 155 
complications of, 161 
computer-assisted navigation, 159, 162 
contraindications, 156 
disadvantages of, 156 
functional outcomes of, 161 
future considérations for, 161-162 
history of, 155-156 
incisions, 156/ 
indications for, 156 
instrumentation for, 161 
mini-lateral approach, 158-159, 159/ 
mini-medial parapatellar approach, 157-158 
mini-medial quadriceps-sparing approach, 
158 

mini-midvastus approach, 156-157, 156/ 
157/ 158/ 

mini-subvastus approach, 158 
operative times for, 160 
outcomes of, 160-161, 160? 
patient sélection for, 161 
postoperative restrictions for, 159 
postsurgical management of, 161 
radiographie outcomes of, 161 


range of motion improvements, 161 
réhabilitation, 159 
studies of, 160? 
summary of, 155 

venous thromboembolism prophylaxis, 159 
Mini-medial parapatellar approach, 157-158 
Mini-medial quadriceps-sparing approach, 158 
Mini-midvastus approach, 156-157, 156/ 

157/ 158/ 

Mini-subvastus approach, 158 
Misérable malalignment syndrome, 71 
Mobile-bearing révision total knee arthroplasty, 

238-246 

applications for, 241 
fémoral reaming, 243, 243/ 
history of, 238-239 
implant technology, 240, 241? 
indications for, 241 
rotation, 239-240 

surgical technique for, 241-245, 242/ 243/ 
244/ 245/ 

TC3 RP polyethylene, 239, 240/ 

tibial exposure, 242 

trial components, 243, 243/ 

Mobile-bearing total knee arthroplasty, 

136-146 

acceptance of, 138 
bearing in, 142, 143 
characteristics of, 142 
complications of, 141, 142-144 
cruciate-retaining, 141 
development of, 138-139 
distal fémoral cuts, 140 
fémoral components, 142 
fixed-bearing total knee arthroplasty vs., 139 
implant sizing, 142 
ligamentous balancing, 140, 141 
outcome of, 144 
patient sélection for, 139-140 
polyethylene linear 
contact areas in, 139/ 
insertion of, 141 

polyethylene tray spinout, 142, 143/ 
posterior cruciate ligament release, 143 
range of motion after, 140 
self-alignment, 142, 14 z l—14 5 
spinout, 142, 143, 143/ 
studies of, 144 
summary of, 136, 144-145 
surgical technique for, 140-142 
survivorship of, 145 
tibial components, 142 
tibiofemoral dislocations, 142 
Monocompartmental arthritis, 37-61 
biomechanics of, 38-40 
bone deformities associated with, 41 
Coventry osteotomy for 
contraindications, 41 
description of, 41 
indications for, 41 

latéral collateral ligament laxity caused 
by, 49/ 
outcomes, 49 
pseudo-patella al ta, 41 
total knee replacement conversion of, 41 
gait modifications for, 40 
genu varus 

anterior cruciate ligament deficiency, 

45, 50/ 

fixed flexion deformity with, 44-45, 47/ 
latéral collateral ligament laxity and, 45, 45/ 
latéral subluxation and médial plateau 
dépréssion with, 45-49, 52/ 56/ 
médial collateral ligament pseudolaxity, 

45, 46/ 


procurvatum deformity with, 44 
rotational deformity with, 49, 5 7/ 
surgical technique for, 42-44, 42/ 46/ 
high tibial osteotomy for 
goal of, 40 
history of, 40-41 

mechanical alignment changes, 40 
outcome of, 40 

joint deformities associated with, 41 
summary of, 37, 49-55 

Mono filament absorbable synthetic sutures, 262 
Mosaicplasty 

autologous chondrocyte implantation vs., 26 
fémoral condyle defect treated with, 17/ 
osteochondral autograft transfer, 26 
Muscle flaps, 180-182 
Myocutaneous flaps, 180-182 

N 

Neer classification, of supracondylar 

periprosthetic fémur fractures, 305, 305? 
Neuromas, 171 
Neutrophils, 261 

New Jersey Integrated Knee Replacement 
System, 138 

Nonarticulating spacers, 268 
Nuclear medicine imaging, 250 
Nutritional status, 261 

O 

Open réduction and internai fixation, of 
supracondylar periprosthetic fémur 
fractures, 307, 309/ 

Open wedge osteotomy, for genu varus with 
procurvatum deformity, 44 
Operating room environment, 263-264, 263/ 
Osteoarthritis 

epidemiology of, 32 

magnetic résonance imaging of, 5, 5/ 

monocompartmental. 

See Monocompartmental arthritis 
pathophysiology of, 32 
predisposing conditions for, 32 
Osteochondral allograft transfer 
outcomes of, 27 
réhabilitation of, 25 
results of, 27 
survivorship after, 27 
technique for, 21-24, 22/ 23/ 

Osteochondral autograft transfer, 12 
clinical/surgical pearls for, 21 
fresh frozen allograft, 12 
grafts for, 12, 17, 18, 19/ 
history of, 12 
immune response, 12 
indications for, 13? 
mosaicplasty, 26 
open procedure, 19 
outcomes of, 26-27 
pitfalls of, 21 

postoperative restrictions, 24—25 
réhabilitation of, 25 
technique, 17-21, 17/ 18/ 

Osteochondritis dissecans lésions 
magnetic résonance imaging of, 20/ 
osteochondral autograft transfer for, 

19, 20/ 

Osteolysis 

failed total knee arthroplasty secondary to, 
213 

polyethylene wear-induced, 137 
Osteomyelitis, 267 
Osteophytes, 126/ 188 
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Osteotomy 

angulation-translation, 42, 4 5fi 46f 
Coventry 

contraindications, 41 
description of, 41 
indications for, 41 

latéral collateral ligament laxity caused by, 
49/ 

outcomes, 49 
pseudo-patella alta, 41 
total knee replacement conversion of, 41 
distal fémoral, 31-36 
compression, 35 
contraindications, 32-33 
goals of, 31 
history of, 32 
incisions, 33 
indications for, 32-33 
outcomes, 36 

postoperative restrictions, 35 
réhabilitation, 35 
results of, 36 
site for, 33 

technique for, 33-35, 33/ 
total knee arthroplasty after, 36 
focal dôme, 42, 47/ 
high tibial 
goal of, 40 
history of, 40-41 

latéral collateral ligament laxity caused 
by, 45 

L-shaped, for varus médial compartment 
arthritis, 49, 58/ 60/ 
mechanical alignment changes, 40 
outcome of, 40 
Maquet dôme, 42, 47/ 

Puddu, 42, 42/ 

rotational deformity treated with, 49, 57/ 
tibial tubercle, 189-193 
closure of, 191, 192/ 
complications of, 197, 198? 
disadvantages of, 197 
fragment reattachment, 190 
gastrocnemius flap for closure of, 192, 
192/ 193/ 

incisions, 189, 190/ 197 
indications for, 189 
interosseous exposure, 191, 191/ 
long-stemmed components removed 
with, 202 

pitfalls of, 197-198 
proximal pôle fracture, 191 
révision total knee arthroplasty, 197, 198? 
technique for, 198/ 

P 

Pain 

arthroscopic debridement for, 6 

complex pain régional syndrome, 171 

Day 1 onward, 168 

extra articular causes of, 172 

full-extension, 168 

full-fl exion, 168 

infection-related, 214 

at rest, 168 

stair climbing, 168 

start-up, 168 

after total knee arthroplasty, 133 
types of, 168 

unexplained causes of, 171-172 
weight-bearing, 168 
Pain inhibition, 205 

Painful total knee arthroplasty, 165-173 
classification System for, 168-172 


contraindications, 168 
diagnosis of, 260 
etiology of 

coronal plane instability, 169-170 
infection, 168, 260 
instability, 169 
loosening, 168-169, 169/ 
métal sensitivity, 171 
sagittal plane instability, 170 
stiffhess, 170-171 
unexplained pain, 171-172 
indications for, 168 

magnetic résonance imaging évaluations, 172 
pain types, 168 

technetium 99m phosphate évaluations, 
265-266 

Partial resurfacing implants, 27, 28/ 

Patella 

avascular necrosis of, 197, 249 
devascularization of, 282 
dislocation of, 285 
fonctions of, 70 

maltracking of. See Patellofemoral 
maltracking 

physical examination of, 70-71, 71/ 
resurfacing of, 248, 251, 289 
revision/reconstruction of, 247-256 
bone grafting technique, 252, 253/ 
clinical évaluation before, 249-251 
indications for, 255 
outcomes of, 254 
patellectomy, 252 
patelloplasty, 251, 252/ 254 
preoperative évaluations, 254 
recementation of polyethylene component, 
251 

results of, 254 
salvage techniques for, 252 
surgical techniques for, 251-254 
trabecular métal component for, 252, 253/ 
254, 255 

subluxation of, 279/ 280 f 
Patella Baja, 111, 112/ 141, 189, 244 
Patellar clunk, 73, 116, 141 
Patellar components, 200-201 
central-domed, 248 
loosening of, 249, 250 f 
malpositioned, 275 
medialization of, 280 
reimplantation of, 255 
révision of, 254, 255 
symmetry of, 279-280, 281/ 
thickness of, 279 
wear of, 248 

Patellar fractures, 249, 249£, 252, 253, 
290-291, 304-305 
classification of, 291, 305-306 
comminuted, 253 

extensor mechanism affected by, 290, 292/ 
factors associated with, 290 
implant type and, 291 
management of, 252, 253, 255 
midsubstance, 253 
outcomes of, 254 
patellar resurfacing and, 290 
prevalence of, 290 
radiographs of, 292/ 
risk factors for, 304 
surgical treatment of, 312 
treatment of, 291 
type I, 291 
type II, 291 
type III, 291 
Patellar instability 
causes of, 275-276 


diagnosis of, 276-277 
history-taking, 276 
imaging of, 277 

malpositioned components and, 275 
management of 

algorithm for, 277, 278/ 
nonsurgical, 277 
surgical, 277-284 
physical examination for, 276-277 
radiographs of, 277 
Patellar morbidity 
description of, 248 
etiology of, 248-249 
surgical techniques for, 251-254 
treatment of, 251-254 
Patellar retinacular release, 188 
Patellar tendon 

avulsion of, 150-151 
rupture of, 282, 289-290 
Patellar tracking, 73, 250, 276 
intraoperative assessment of, 280-281 
medialization of patellar component effects 
on, 280 

“no-thumb technique” for, 281, 281/ 
techniques for assessing, 281 
tourniquet inflation effects on, 281 
Patellectomy, 150, 252 
Patellofemoral arthritis 
assessment of, 70-71 
définition of, 69 
epidemiology of, 69 
history-taking, 70 
nonsurgical management of, 69 
physical examination for, 70-71, 71/ 
radiologie évaluations, 71, 72/ 73/ 
Patellofemoral arthroplasty, 69-78 
Avon, 74, 75/ 

contraindications, 70-71, 76 
history of, 69-70 
indications for, 70-71, 76 
Lubinus, 74, 75/ 
outcomes of, 74-76 
postoperative restrictions, 74 
réhabilitation, 74 
results of, 74—76 
summary of, 76 
surgical technique for, 71-74 
approach, 71 
patellar, 73—74 
trochlear, 71-73, 73/ 

Patellofemoral dysplasia, 70 
Patellofemoral joint. See also Fémur 
physical examination of, 250 
radiographie évaluation of, 250, 250 f 
Patellofemoral joint reaction force, 70 
Patellofemoral maltracking, 248, 249, 274-287 
causes of, 275-276 

component design, 276 
extensor mechanism imbalance, 275-276 
malpositioned components, 275 
correction of, 281-283 

distal realignment procedures, 282-283, 
283/ 285 

latéral retinacular release, 281-282, 

282 f 285 

outcomes, 284-285 
postoperative restrictions, 284 
réhabilitation, 284 
results, 284-285 

révision total knee arthroplasty, 283-284, 
285 

soft tissue procedures, 281-283 
diagnosis of, 276-277 
history-taking, 276 
imaging of, 277 
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incidence of, 275 
management of 

algorithm for, 277, 278/ 
nonsurgical, 277 
surgical, 277-284 
physical examination for, 276-277 
prévention of, 277, 284—285 
summary of, 274, 285-286 
Patelloplasty, 251, 252/ 254 
Pedicle peroneal flap, 179 
Periprosthetic fractures, 303-313 
outcomes of, 312 
patellar, 249, 249£, 304-305 
classification of, 305-306 
comminuted, 253 
management of, 252, 253, 255 
midsubstance, 253 
outcomes of, 254 
risk factors for, 304 
surgical treatment of, 312 
postoperative restrictions, 312 
réhabilitation for, 312 
results for, 312 
summary of, 313 
supracondylar fémur 

allograft-prosthetic composite restoration 
for, 308 

Chen et al. classification of, 305, 305? 
classification Systems for, 305, 3051, 306/ 
définition of, 304 

DiGioia and Rubash classification of, 

305, 305? 
distal, 312 

external fixation of, 308 

Lewis and Rorabeck classification of, 

305, 305? 

locking plate fixation of, 307, 312 
loose implant with poor bone stock, 308 
mega-prosthesis for, 308 
nail fixation of, 307, 310/ 311/ 

Neer classification of, 305, 305? 
nonoperative management of, 306 
open réduction and internai fixation of, 
307, 309/ 
outcomes of, 312 
risk factors for, 304 
stemmed fémoral components, 307 
Su et al. classification of, 305, 306/ 
surgical treatment of, 306-311, 308/ 309/ 
surgical treatment of, 306-312, 308/ 309/ 
310/311/ 
outcomes, 312 

techniques for, 304, 306-312 
tibial, 304 

classification of, 305, 306/ 
immobilization for, 311 
metaphyseal-diaphyseal, 311 
nonoperative management of, 311 
risk factors for, 304 
surgical treatment of, 311-312 
types of, 304 

Periprosthetic infection, 265, 270 

POLO test, 130 

Polyethylene 

development of, 136 
exchange of, 298-300, 301 
osteolysis caused by wear of, 137 
surface area, 137/ 
ultra high-molecular-weight, 144 
wear of, 124, 136, 239/ 

Polymerase chain reaction test, 265 
Polymethylmethacrylate 

gentamicin-impregnated, 270, 271 
history of, 136 
Popliteal artery, 82 


Popliteus, 96 

Popliteus impingement, 152, 152/ 

Popliteus tendon resection, 152, 153/ 

Porous coated sleeves, 245 
Porous coated stems, 201 
Post wear 

painful/failed total knee arthroplasty caused 
by, 170, 170/ 

in posterior cruciate ligament-substituting 
total knee arthroplasty, 116, 117/ 
Posterior capsule, 98 
Posterior condylar axis, 108/ 277, 279/ 
Posterior cruciate ligament 
age-related changes in, 118 
chemoreceptors in, 123 
function of, 122 
looseness of, 110 
partial release of, 110 
release of, 91, 99, 110 
rétention of, 110 
stair climbing and, 115 
substitution of, 95, 98-99 
tightness of, 110, 111/ 
in varus knee, 95 

Posterior cruciate ligament-retaining total knee 
arthroplasty, 114-120, 121-135 
advantages of, 122 
anesthésia for, 125 

anterior fémoral translation in, 123, 124 
articulate hyperextension, 153 
contraindications, 125 
controversy regarding, 122 
flexion angles, 123 
future of, 119 

hip-knee-ankle radiograph before, 125, 

125/ 126/ 
history of, 114-116 
indications for, 125 
justification for, 116 
kinematic studies of, 123 
ligament 

balancing of, 118, 223 
exposure of, 116, 117/ 
tightness of, 117, 118/ 
measured rétention technique for, 116 
mobile-bearing platforms, 124 
myths regarding, 118-119 
polyethylene tray spinout in, 142, 143/ 
polyethylene wear in, 124 
posterior cruciate substituting designs vs., 
114,115 

postoperative restrictions, 133-134 
principles of, 111 

proprioception benefits of, 116, 123 
range of motion in, 122 
réhabilitation, 133-134 
results of, 122 

in rheumatoid arthritis patients, 119, 125 

rupture concerns, 118 

stability issues, 223 

studies of, 115 

summary of, 119, 134 

technique for, 116-118, 117/ 118/ 125-133, 
127/ 128/ 129/ 130/ 

Posterior cruciate ligament-substituting total 
knee arthroplasty 
advantages of, 122 
balancing of, 141, 223 
bone loss in, 124 
contraindications, 125 
dislocation risks in, 124 
fémoral bone removal, 124 
flexion angles, 123 
future of, 119 
gap balancing used in, 116 


hip-knee-ankle radiograph before, 125, 

125/ 126/ 
indications for, 125 
kinematic studies of, 123 
mobile-bearing platforms, 124 
patella clunk associated with, 116 
polyethylene wear réductions in, 124 
post wear in, 116, 117/ 
posterior cruciate ligament-retaining total 
knee arthroplasty vs, 114, 115 
range of motion benefits of, 122, 141 
results of, 122 
in rheumatoid arthritis, 125 
stability issues, 224 
summary of, 134 
Posterior distal fémoral angle, 44 
Posterior fémoral condylar offset, 124 
Posterior oblique ligament 
fibers of, 91, 93 
release of, 95 

Posterior proximal tibial angle, 44, 47/ 
Posterior sag sign, 170, 170/ 

Press-fit components, 200, 228/ 233 
Previous incisions, 147-148, 148/ 175, 

186, 196 

Prophylactic antibiotics, 262 
Prophylactic flap coverage, 179 
Proprioception 
définition of, 123 

total knee arthroplasty effects on, 123 
in unicondylar knee arthroplasty, 116 
Prosthetic disease, 314 
Proximal tibial resection, 129/ 

Pseudo-patella alta, 41 
Psoriatic plaques, 261 
Puddu osteotomy, 42, 42/ 

Q 

Q angle, 70, 71/ 141, 142, 145, 250, 275, 285 
Quadriceps contracture, 188 
Quadriceps snip, 150, 188, 189/ 196, 197/ 
298, 299/ 

Quadriceps tendon 
allograft, 293/ 292 
disruption of, 289 

Quadriceps turndown approach, 188, 189/ 
197, 198/ 

R 

Radiographs 

constrained knee prostheses, 209 f 224/ 
extensor mechanism rupture, 289 
hip-knee-ankle, 125, 125/ 126/ 

Merchant view, 71, 73/ 75/ 127/ 277, 

280/ 281/ 

patella fractures, 292/ 
patellar instability, 277 
patellar subluxation, 280/ 
patellofemoral arthritis, 71, 72/ 73/ 
patellofemoral joint, 250, 250 f 
Rosenberg view, 71, 72/ 
stiffness, 298/ 

trabecular métal components, 253/ 
Radiostereometric analysis, 168 
Rainey-MacDonald nutritional index, 261 
Reaming 
fémoral 

mobile-bearing révision total knee 
arthroplasty, 243, 243/ 

Wichita Fusion Nail arthrodesis System, 
318,319/ 

tibial, 242/ 320, 320/ 

Rectus snip, 196, 197/ 
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Recurvatum instability, 205, 222 
Recurvatum sagittal deformity, 100 
Réhabilitation 

arthroscopic debridement, 6 
autologous chondrocyte implantation, 24 
distal fémoral osteotomy, 35 
extensor mechanism rupture, 293 
after infection, 271 
microfracture, 24 

minimally invasive total knee arthroplasty, 
159 

osteochondral allograft transfer, 25 
osteochondral autograft transfer, 25 
patellofemoral arthroplasty, 74 
patellofemoral maltracking correction, 284 
periprosthetic fractures, 312 
posterior cruciate ligament-retaining total 
knee arthroplasty, 133-134 
stem fixation, 234 
Resection arthroplasty, 269, 271 
Révision total knee arthroplasty 

bone loss management in. See Bone loss 
cemented stems for. See Cemented stem 
fixation 

cementless stems for. See Cementless stems 
component removal, 198-202 
cementless stems, 201-202 
fémoral components, 199, 300 
instrumentation for, 198, 198? 
long-stemmed components, 201 
patellar components, 200-201 
press-fit components, 200 
smooth stems, 201 
summary of, 202 
surgical exposure for, 198 
tibial components, 199-200 
contraindications, 195 
fémoral components 
procedure, 283-284 
removal of, 199 
rotation of, 300 
sizing of, 300 
goals of, 228, 234 
indications for, 195, 207 
infection risk factors, 195, 195? 
instability, 224 
latéral approach, 196 
long-stemmed components, 201, 284 
médial parapatellar approach, 196-197, 

196/ 

mobile-bearing. See Mobile-bearing révision 
total knee arthroplasty 
past medical history for, 195 
patellar components, 200-201 
patellofemoral maltracking correction, 
283-284, 285 

preoperative planning for, 195, 249 
prevalence of, 32 
previous incisions, 196 
principles of, 207 
problems associated with, 195 
radiographs of, 217/ 
rotation in, 239-240 
soft tissue releases, 196 
stiff total knee arthroplasty treated with, 298, 
300, 301 

surgical exposure for, 195-198, 

298, 299/ 

surgical pearls for, 225 
tibial components 
procedure, 283 
removal of, 199-200 
rotation of, 300 

tibial tubercle osteotomy. See Tibial tubercle 
osteotomy 


Rheumatoid arthritis 

posterior cruciate ligament-retaining total 
knee arthroplasty in, 119, 125 
unicondylar knee arthroplasty for, 64 
Rod fixation. See Intramedullary rods 
Rosenberg view, 71, 72/ 

Rotating hinge knee, 224, 225, 225/ 316 
Rotating-hinge arthroplasty, 316 
Rotational deformity 
genu varus with, 49, 57/ 
osteotomy for, 49, 57/ 

Rotational instability, 222-223 

S 

Sagittal plane instability, 170 
Saphenous nerve, 82, 83/ 

Semimembranosus 
anatomy of, 93 
fibers of, 91 
Semitendinosus 

autograft, for patellar tendon rupture 
correction, 290 
description of, 151 
"Sham" technique, 147, 176-177 
Short tau inversion recovery, 267 
Skin 

blood supply to, 186 
loss of, 179, 179/ 
necrosis of, 147, 148-150, 148/ 
préparation of, before surgery, 262 
retraction of, 186 
Skin barriers, 262 

Skin grafting, split-thickness, 180, 181 
Sleeves 

indications for, 230-231 
metaphyseal 

fémoral broaching for, 244/ 
surgical technique for, 234, 237/ 
tibial, 228/ 234, 242/ 
porous coated, 245 
surgical technique for, 234 
Smooth stems, 201 
Soft tissue balancing, 90-102 
history of, 91 

intraoperative assessment of, 92, 92/ 
posterior cruciate ligaments, 95 
science of, 91-92 
summary of, 90 
testing for, 91 

Soft tissue expansion, 177-179 
expanders 

insertion of, 177 
removal of, 178 
indications for, 177 
pitfalls associated with, 178 
postoperative management, 178 
rectangular expanders, 177 
studies of, 178 
subcutaneous drains, 178 
technique for, 177, 177/ 

Soft tissue management, 174-184 
expansion. See Soft tissue expansion 
flaps 

complications of, 183 
free, 182-183, 182/ 
gastrocnemius, 180, 181, 181/ 
latissimus, 182, 182/ 183/ 
local fasciocutaneous, 180 
muscle, 180-182 
myocutaneous, 180-182 
prophylactic, 179 
incisions, 175-176, 176-177, 176/ 
irrigation and debridement, 179-180 
options for, 175 


overview of, 174 
postarthroplasty, 179-183 
prearthroplasty, 175 
skin loss, 179, 179/ 
split-thickness skin grafting, 180, 181 
Spacers 

antibiotic-impregnated cernent, 268, 

269/ 271 

articulating, 269, 269/ 270, 271 
nonarticulating, 268 
types of, 270 
Spinout, 142, 143, 143/ 

Split-thickness skin grafting, 180, 181 
Stair-climbing pain, 168 
Start-up pain, 168 
Steinmann pins, 34, 35 
Stem fixation 

assembly of stems, 233/ 
biomechanics of, 230 
cemented, 229-230, 230? 
cementless, 229-230, 230? 
fémoral canal préparation, 231-232, 

233, 234/ 

indications for, 228-230 
intramedullary, 227 
intraoperative trialing, 232-233 
metaphyseal engaging stems, 230 f 
patient positioning for, 231 
postoperative restrictions, 234 
réhabilitation, 234 
stem length, 232 
summary of, 236-237 
surgical exposure for, 231 
technique for, 231-234 
tibial canal préparation, 231-232, 233, 23^/ 
Stiff total knee arthroplasty, 170-171, 296-302 
définition of, 297 
incidence of, 297 
manipulation for, 297, 299/ 301 
nonoperative management of, 297 
radiographs of, 298/ 
sequelae of, 297 
summary of, 296, 301 
surgical management of, 297 
arthroscopy, 297-298, 299 f 301 
options, 297 
outcomes, 301 

polyethylene exchange, 298-300, 301 
results, 301 

révision total knee arthroplasty, 298, 

300, 301 

Su et al. classification, of supracondylar 

periprosthetic fémur fractures, 305, 306/ 
Subvas tus approach, 83-84 
anatomy of, 84/ 187, 187/ 
médial parapatellar approach vs., 88 
midvastus approach vs., 88 
mini-, 158 
technique, 83, 85/ 

Superficial médial collateral ligament 
anatomy of, 92, 98 
description of, 91 

Supracondylar periprosthetic fémur fractures 
allograft-prosthetic composite restoration 
for, 308 

allograft s for, 315 

Chen et al. classification of, 305, 305? 
classification Systems for, 305, 305?, 306/ 
définition of, 304 

DiGioia and Rubash classification of, 

305, 305? 
distal, 312 

external fixation of, 308 

Lewis and Rorabeck classification of, 

305, 305? 
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locking plate fixation of, 307, 312 
loose implant with poor bone stock, 308 
mega-prosthesis for, 308 
nail fixation of, 307, 310/ 311/ 

Neer classification of, 305, 305? 
nonoperative management of, 306 
open réduction and internai fixation of, 

307, 309/ 
outcomes of, 312 
risk factors for, 304 
stemmed fémoral components, 307 
Su et al. classification of, 305, 306/ 
surgical treatment of, 306-311, 308/ 309/ 
Surgical exposure, 185-193 
importance of, 186 

médial parapatellar approach. See Médial 
parapatellar approach 

midvastus approach. See Midvastus approach 

osteophytes, 188 

previous incisions, 186 

retraction of skin, 186 

stem fixation, 231 

of stiff knee, 188 

subvastus approach. See Subvastus approach 
summary of, 185 

trivector approach. See Trivector approach 
Synovectomy, 127, 242 

T 

Technetium-99 imaging 

infection évaluations, 265-266 
before unicondylar knee arthroplasty, 64 
Technetium 99m sulfur colloid imaging, 266 
Tensor fascia lata, 38 
Tibia 

bone loss, 215 
defect classification, 241/ 
plateau of, 45 
Tibial broach, 243/ 

Tibial broaching, 242, 242/ 

Tibial canal, 231-232, 233, 234/ 

Tibial components 

internai rotation of, 275, 275/ 
long-stemmed, 201 
malpositioned, 275, 283 
malrotation of, 277 
removal of, 199-200 
Wichita Fusion Nail arthrodesis System, 
321-322, 321/ 322/ 

Tibial cutting guide, 232/ 

Tibial fractures, 304 
classification of, 305, 306/ 
immobilization for, 311 
metaphyseal-diaphyseal, 311 
nonoperative management of, 311 
risk factors for, 304 
surgical treatment of, 311-312 
Tibial keel punch, 131 
Tibial plateau 

perpendicular resection of, 107/ 
préparation of, 131 
Tibial reaming, 242/ 320, 320/ 

Tibial resection, 106, 107/ 

Tibial torsion, genu varum with, 60/ 

Tibial tubercle 
allograft, 292/ 
description of, 279 
Tibial tubercle osteotomy, 189-193 
closure of, 191, 192/ 
complications of, 197, 198? 
disadvantages of, 197 
fixation of, 298 
fragment reattachment, 190 


gastrocnemius flap for closure of, 192, 

192/ 193/ 

incisions, 189, 190/ 197 
indications for, 189 
interosseous exposure, 191, 191/ 
long-stemmed components removed with, 
202 

pitfalls of, 197-198 
proximal pôle fracture, 191 
révision total knee arthroplasty, 197, 198?, 
298, 300/ 
technique for, 198/ 

Tibiofemoral disease, 74 
Tibiofemoral instability, 222 
Tissue expanders, 148 
Tobramycin, 263 

Total Condylar 3 prosthesis, 204, 204/ 

Total condylar knee, 114 
Total knee arthroplasty 
anesthésia for, 125 
benefits of, 167 

complications of. See Complications 
after distal fémoral osteotomy, 36 
etiology of, 167 

failed. See Failed total knee arthroplasty 
gap balancing technique. See Gap balancing 
hip-knee-ankle radiograph before, 125, 125/ 
126/ 

history of, 83, 136 
improvements in, 155 
incidence of, 32, 304 
incisions for, 84/ 
indications for, 125, 145 
instability after, 222, 224-225 
intraoperative complications of. 

See Complications 

kinematic abnormalities associated with, 123 
knee alignment in. See Knee alignment 
latéral parapatellar approach, 87, 87/ 
médial parapatellar approach. See Médial 
parapatellar approach 

midvastus approach. See Midvastus approach 
minimally invasive. See Minimally invasive 
total knee arthroplasty 
mobile-bearing. See Mobile-bearing total 
knee arthroplasty 
outcomes of, 87-88 

painful. See Painful total knee arthroplasty 
patient satisfaction rates for, 194 
posterior cruciate ligament rétention. 

See Posterior cruciate ligament-retaining 
total knee arthroplasty 
posterior cruciate ligament substitution. 

See Posterior cruciate ligament- 
substituting total knee arthroplasty 
preoperative préparations, 125, 127/ 
proprioception affected by, 123 
range of motion after, 134, 140 
results of, 87-88 
satisfaction rates for, 194 
stability principles, 223 

stiffness after. See Stiff total knee arthroplasty 
subvastus approach. See Subvastus approach 
summary of, 81 
survivorship of, 145 

trivector approach. See Trivector approach 
unicondylar knee arthroplasty vs., 62 
Total knee replacement 

Coventry osteotomy conversion to, 41 
économies of, 55 
instability after, 91 
kinematics of 

abnormalities, 123 
description of, 116 
knee alignment in, 104—105 


prevalence of, 194 

unicompartmentai knee arthroplasty vs., 32 
Tourniquet, 281 

Trabecular métal component, 252, 253/254, 255 
Transepicondylar axis, 277, 279/ 
Transquadriceps approach, 188, 189/ 
Transverse incisions, 149/ 

Trivector approach, for total knee arthroplasty, 
86-87 

anatomy of, 84/ 187, 187/ 
technique for, 86, 86/ 

Trochlear flange, 152 

Turndown approach, 188, 189/ 197, 198/ 

U 

Ultra high-molecular-weight polyethylene, 144 
Ultraviolet light, 263 
Unicondylar knee arthroplasty, 62-68 
anesthésia for, 65 
complications of, 68 
contraindications, 63-65 
deep venous thrombosis prophylaxis, 67 
future considérations for, 68 
history of, 62-63 
history-taking before, 63 
incisions for, 65, 65/ 
indications for, 63-65 
magnetic résonance imaging before, 64 
outcomes of, 67-68 
physical examination before, 63 
postoperative management of, 67 
preoperative planning for, 63-65, 64/ 65/ 
proprioception’s rôle in, 116 
results of, 67-68 
stability issues, 223 
summary of, 62 

surgical technique for, 65-67, 65 f 66f 
technetium-99 bone scanning before, 64 
tibial osteotomy vs., 63 
total knee arthroplasty vs., 62 
total knee replacement vs., 32 
Uphill principle, 203, 204/ 

V 

Valgus knee. See also Genu valgum 
anatomy of, 95-99 
évaluative matrix for, 99/ 
flexion contractures with, 100 
outcomes for, 100-101 
release techniques for, 95-99 
Varus knee. See also Genu varus 
anatomy of, 92-95 
flexion contractures with, 100 
outcomes for, 100-101 
posterior cruciate ligaments in 
description of, 95 
retaining considérations, 95 
release techniques for, 92-95 
Varus-valgus instability, 206, 222 
Vascular compromise, 153-154 
Vastus medialis longus muscle, 187 
Vastus medialis obliquus muscle, 156, 157, 187, 
277, 284 

V-quadriceps release, 150 

V-Y plasty, 188, 189/ 196, 197, 198/ 

W 

Weight-bearing pain, 168 
Whiteside’s fines, 71, 73/ 106 
Wichita Fusion Nail arthrodesis System 
anterior fémoral bone slot, 320-321 
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Wichita Fusion Nail arthrodesis System 
( Continuéeï) 

anterior tibial bone slot, 320-321 
compression screw component, 317, 317/ 
définition of, 317 
description of, 316 
distal fémoral eut, 317-318 
fémoral component, 317, 317/ 
implantation, 318-319, 319/ 
fémoral reaming, 318, 319/ 
implant assembly, 322, 323/ 


incisions, 317 

postoperative recovery, 323 

preoperative planning, 317, 318/ 

proximal fémoral eut, 318 

slot marking, 320, 320/ 321/ 

technique for, 317-323 

tibial component, 317, 317/ 

tibial implantation, 321-322, 321/ 322/ 

tibial reaming, 320, 320 f 

transverse screws, 317, 317/ 319-320 

valgus alignment, 317 


WOMAC score, 3, 4 
Wound 

airborne bacteria contamination, 
263 

contamination of, 263 
drainage of, 150 

environment for, 262-263, 263-264 
infection risk factors, 195, 195? 
irrigation and debridement of, 
179-180 

necrosis of, 147, 148-150, 148/ 



